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METHODS OF TREATING CANCER WITH HP AC INHIBITORS 

5 



10 

GOVERNMENT INTEREST STATEMENT 
This invention was made in whole or in part with goveFnment siq)port under grant 
number 1R21 CA 096228-01 awarded by the JJational Cancer Institute. The government 
may have certain rights in the invention. 

15 

FIELP OF THE INVENTION 

The present invention relates to methods of treating cancers, e.g., mesothelioma or 
lyixsphoma. More specifically, the presait invention relates to methods of treating 
mesothelioma, difiuse large B-cell lymphoma (DLBCL), or other cancers or tumors by 
20 administration of pharmaceutical conqwsitipns comprising HDAC inhibitois, e.g., 
suberoylanilide hydroxamic acid (SAHA). The oral formulations of the pharmaceutical 
compositions have &vorable pharmacokinetic profiles such as high bioavailability and 
surprisingly give rise to higjh blood levels of the ?ctive conaqpounds over an extended pmod 
of time. 

25 

BACKGROUND OF THE INVENTION 

Throu^out this apphcation various publications are referenced by arable numerals 
within parentheses. Full citations for these publications may be found at the md of the 
specification immediately preceding the claims. The disclosures of fliese publications in 
30 their entireties are hereby incorporated by reference into this i^lication in order to more 
folly describe the state of the art to which this invention pCTtains. 
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Cancer is a disorder in which a population of cells has become, in vai)dng degrees, 
unresponsive to the control mechanisms that nonnally gpvem proliferation and 
dififerentiation. 

Mesothelioma is a rare form of canc^ in which malignant (cancerous) cells are 
5 found in ttie mesothelium, a protective sac tfiat covers most of the body's internal organs. 
The mesolfaelium is a membrane that covers and protects most of the internal organs of Ihe 
body. It is composed of two layers of cells: one layer immediately surrounds ttie orgaI^ the 
other forms a sac around it The mesolhelium produces a lubricating fluid that is released 
betwera these layers, allowing moving organs (such as the beadoig heart and the e3q>and3ng 
1.0 and contracting lungs) to glide easily against adjacent structures. 

The mesothelium has different names, dq>ending on its location in the body. The 
peritoneum is the mesothelial tissue that covos most of the organs in the abdominal cavity. 
The pleura is the membrane that sunounds the hmgs and lines tiie wall of the chest cavity. 
The pericardium covers and protects the heart. The mesothelial tissue surrounding the male 
15 internal rq>roductive organs is called the tunica vaginalis testis. The tunica serosa uteri 
covers the internal reproductive organs in women. Most cases of mesothelioma begin in the 
pleum or peritoneum. Malignant tumors arising fiom the pleural mesothelium are strongly 
linked to asbestos exposure. 

Althougji reported incidence rates have increased in the past 20 years, mesothelioma 
20 is still a relatively rare cancer. About 2,000 new cases of mesotiielioma are diagnosed in 
the United States each year. Mesothelioma occurs more aftm in men than in women and 
risk increases with age, but this disease can sppesac in eiflier men or women at any age. 

Shortness of breath and pain in the chest due to an accumulation of fluid m the 
pleura are often symptomsof pleural mesothelioma. Synqptoms of peritoneal mesothelioma 
25 include wd^t loss and abdominal pain and swelling due to a hmidap of fluid in tiie 
abdomm. OBier symptoms of peritoneal mesothelioma may include bowel obstruction, 
blood clotting abnormalities, anemia, and fever. If the cancer has spread beyond the 
mesothelhun to other parts of tfie body, symptoms may include pain, trouble swallowing, or 
swelling of tiie neck or &ce. 
30 TTie prognosis for mesothelioma is dismal, with poor response to radical surgery, 

curr«t chemotiier^y, radiation then^iy, and combmation Ihecapy. Microscopic spread of 
cancer cells mto the chest wall and diaphragm are common even wben such spread cannot 
be detected by routine tests. 
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Lymphoma is canc^ of the lymphatic system, a netwoik of lymph nodes, organs 
(including the spleen, thymus, and tonsils), and vessels that are part of the immune system. 
There are many different types of lynq>homa, and they can be divided into two categories: 
Hodgkin's disease (HD) and non-Hodgldn's lymphoma (NHL). The major differmce 

5 between the two is the type of cells involved. 

The lymphatic system is part of the body's immune system and hel^s fight infection. 
It is a complex system made up of organs, such as the bone marrow, tiie thymus, and the 
^leen, and the lymph nodes (or lynoph glands), which are connected by a network of tiny 
lymphatic vessels. Lymph nodes are found all over the body. 

10 Lymphocytes are white blood cells that circulate through the lymphatic system; they 

are essential components of the body's immune system. There are two main ^rpes of 
lymphocytes: B-cells and T-cells. Most lynq>hocytes start growing in the bone marrow. 
The B-cells continue to develop in the bone manow, whereas the T-cells go fiom the bone 
marrow to the thymus gland and mature fh&ce. Once they are mature, both B-cells and T-^ 

15 cells he:^ the body fight infections. 

There are more tiian 20 different types of non-Hodgkin's lymphoma. Difiuse large 
B-cell lymphoma is a common type, making up about 40% of all cases. It is a cancer of the 
B-lyruphocytes. Difiuse B-cell lyn9>homa can occur at any time fixnn adolescence to old 
age. It is slightly more common in men than women. 

20 Non-Hod^dn*s lymphomas are also divided into one of two groiq>s: low and high 

grade. Low-grade lymphomas are usually slowly growing and hi^grade lymphomas teaad 
to grow more quickly. DifRise large B-ceU lymphoma is a hig^-gradelymphoixia and needs 
prompt treatment. 

The main treatmoit for difiKise large B-ceU lynqphoma is chemotiiers^y. The type of 
25 diemoflier^y depends on the extent of the lyznphoma and otibier fectors, such as age and 
general health. The two drugs that are usually given to treat difiiise large B-cell lymphoma, 
are called doxorobicin and cyclophosphomide. They are usually givm together with other 
anti-cancCT drugs. Currently the most widely used combination is called the 'CHOP 
regime. This includes the drugs vincristine and prednisolone, as well as doxorubicin and 
30 cyclophosphomide. The chemotiierqiy can usuaUy be given as an outpatient at hospital and 
continues for fom to six months. 

In addition, high dose chemotherapy witii bone marrow or stem cell infiisions has 
been ejSective in some patients whose lymphoma has relapsed. This type of treatment 
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involves having very intensive chemotherq)y and sometimes radiotherapy. As side effects 
can be severe, some types of transplant are not given to people over ttie age of 45-50 and 
others can be ^ven to people of iq> to 65 years who are fit enough to have treatment The 
intensity of the treatment increases the risks of serious side effects for pe<^le ovw this age. 
S Radiotherapy may also be used when the lynq>homa cells are contained in one or 

two areas oflymph nodes m the same part oftfae body (Stage 1 or 2). It may also be given 
in addition to chemotfaerq>y. 

Another treatment that has been tried is a monoclonal antibody called rituximab. 
For many years there have beoi two principal strategies for di^otbm9)eiitic 
10 tieatmait of cancer 1) blockmg hormone-dependent tumor cell proliferation by 
mtaference with the production or per^haal action of sex hormones; and 2) killing cancer 
cells directly by exposing them to cytotoxic substances, which mjure both neoplastic and 
normal cell populations. 

Despite many advances in the field of oncology, the majority of solid tumors remain 
15 incurable in the advanced stages. Cytotoxic therapy is used m most cases, howeva, it often 
causes significant morbidity to the patient without significant clinical benefit Less toxic 
and more specific agents to treat and control advanced malignancies are needed. 

An alternate ^pproadb for canc^ chemother^y is induction of terminal 
differ^tiation of the neoplastic cells (1). hi cell culture models differentiation has been 
20 rqjortedby exposure of cells to a variety of stimuli, inctading: cycKc AMP and rethmc acid 
(2,3), aclanihicin and other anOiracyclines (4). 

There is abundant evidence ttiat neoplastic transformation does not necessarily 
destroy the potmtial of cancer cells to diflferentiate (1,5,6). There are many examples of 
tumor cells which do not respond to the normal regulators of proliferation and appear to be 
25 blocked in the eaqiression of their difiSsrentiation program, and yet can be induced to 
differentiate and cease replicating. A variety of agents, includmg some relatively simple 
polar compounds (5,7-9), derivatives of vitamin D and retinoic add (10-12), steroid 
hormones (13), growth fictors (6,14), proteases (15,16), tumor promoters (17,18), and 
mhibitors of DNA or RNA synthesis (4,19-24), can mduce various transformed ceU lines 
30 and primary human tumor explants to express more diflfercntiflted characteristics. 

Eariy studies identified a series of polar compounds that were effective inducers of 
differentiation ma number of transfiirmedcenimcs (8,9). Of these, the most effective 
mducer was the hybrid polar/qwlar conq)ound N,N'-hexamethylene bisacctamide (HMBA) 
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(9), The xise of this polar/qx)lar compound to induce murine erythioleukemia cells (MELQ 
to undergo eiyfbioid dififerentiation with siq)piiession of oncogenicity has proved a useful 
model to study induc^-mediated differentiation of transformed cells (5,7-9). HMBA- 
induced MELC temiinal erydiroid diff«:entiation is a multi*step process. Upon addition of 

5 HMBA to MELC (745A-DS19) in culture there is a lat^t period of 10 to 12 hours before 
commitmCTt to terminal differentiation is detected. Commitment is defined as the capacity 
of cells to express temunal diffmntiation despite removal of inducer (25). Upon continued 
exposure to HMBA there is progressive recruitment of ceUs to differentiate. The present 
inventors have reported that MELC cell lines made resistant to relatively low levels of 

10 vincristine become markedly more sensitive to the inducing action of HMBA and can be 
induced to differentiate with little or no latent poriod (26). 

HMBA is capable of inducing pfaenotypic. changes consistent with differentiation in 
a broad variety of cells lines (5). The characteristics of the drug-induced effect have bem 
most Pensively studied in the murine eiythroleukemia cell system (MELC) (5^^7,28). 

15 MELC induction of differentiation is both time and coiicentratio^ The minimum 

concentration required to demonstrate an effect in vitro in most strains is 2 to 3 mM; the 
minimimi duration of continuous exposure generally required to mduce differentiation in a 
substantial portion (> 20%) of the population without continuing drug exposure is about 36 
hours. 

20 The primary target ofaction of HMBA is not knowiL There is evidrace that protein 

kmase C is involved in the pathway of inducer-mediated differentiation (29). The in vitro 
studies provided a basis for evaluating the pot^al of HMBA as a cytodiGfeientiation agent 
in the treatment of human cancers (30). Several phase I clini(^ trials with HMBA have 
been completed (31-36). Clinical trials have shown that this conq>ound can induce a 

25 tfaaq>eutic response m patients with cancer (35,36). However, these phase I clinical trials 
also have demonstrated that the potential e£Scacy of HMBA is limited, in part, by dose- 
related toxicity which prevents acWevmg optimal blood levels and by the need for 
intravfflous administration of large quantities of the agent, oveac prolonged periods. 

It has been r^rted tiiat a number of conqiounds related to HMBA with polar 

30 groups separated by ^lar linkages that, on a molar basis, are as active (37) or 100 times 
more active than HMBA (38). As a class, however, it has been found that the synmietrical 
dimers such as HMBA and related compounds are not the best cytodififerentiating agents. 
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It has unexpectedly been found that Ihe best compounds conq>rise two polar end 
groups sq)aFated by a flexible chain of methylene groiq)S» wherem one or both of the polar 
end groups is a large hydrophobic groiip. Preferably, the polar end groups are different and 
only one is a large hydrophobic group. These conoqpounds are unexpectedly a thousand 
5 times more active than HMBA and ten times more active than HMB A related coiiq)ounds. 

Histone deacetylase inhibitors sudb as subeio^anilide hydroxamic add (SAHA), 
belong to this class of agents that have the ability to induce tumor cell growth arrest, 
difierentiatiGn, and/or apoptosis (39). These compounds are targeted towards mechanisms 
inherent to the ability of a neoplastic cell to become mMp ^^^t as they do not sppeas to 

10 have toxidty in doses rffcctive for inhibition of tumor growtti in There are 

several lines of evidence that histone acetylation and deac^sdation are mechamsms by 
which transoiptional regulation in a ceU is achieved (41). These effects are thought to 
occur through changes in the structure of chromatin by altering the afiSnity of histone 
proteins for coiled DNA in the nucleosome. 

15 There are five types of histones that have been identified (dedgnated HI, H2A, 

H2B,H3andH4). IBstones H2A, H2B, H3, and H4 are fbund in the nucleosomes and HI 
is a linker located between nucleosomes. Eadi nucleosome contains two of each histone 
type wittiin its core, except for HI, which is present smgly in flie out^ portion of the 
nucleosome structure. It is believed that wh«i ftie histone proteins are hypoacetylated, th^ 

20 is a greatoraflSnity of the histone to the DNA phosphate bacKbone. This aflSnity causes 

DNA to be tigjitly bound to the histone and renders the DNA inaccesfflble to transa^ 
regulatory elements and machinery. 

The r^ulation of acetylated states occurs throu^ flie balance of activity betweoi 
two enryme conqilexes, histone acetjd transf«ase (HAT) and histone deacetylase (HDAQ. 
25 The hypoacetsdated state is thought to inhibit transcription of ^^fisnrj^^ DNA This 
hypoacetylated state is catalyzed by large nraWprotem conq>lexes that include HDAC 

CTzymes. In particular, HDACs have been diown to catalyze &e removal of acetyl 
finm the chromatin core histones. 

The inhibition of HDAC by S AHA is thou^t occur throu^ direct interaction with 
JO the catalytic site of the enzyme as demonstrated by X-ray oystaflography The 
result of HDAC inhibition is not believed to have a generalized effect on the genome, but 
rather, only affects a small subset of flie genome (43). Evidence provided by DNA 
microarrays using malignant ceU lines cultured with a HDAC inhibitor shows that there are 
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a finite (1-2%) number of genes yi/boso products are altered. For exanq>le, cells treated in 
cuhure with HDAC inhibitors show a consistent induction of tiie cyclin-dependent kinase 
inhibitor p21 (44). This protein plays an important role in cell cycle arrest HDAC 
inhibitors are thought to increase tiie rate of transci:q>tion of p21 by propagating the 

5 hyperacetylated state of histones in the re^on of &e p21 gene, therd>y making the gene 
accessible to transcriptional machinery. Genes whose expressioa is not affected by HDAC 
inhibitors do not display changes in the acet^ation of regional associated histones (45). 

It has been shown in s^eral instances ttiat ttie disruption of HAT or HDAC activity 
is inq>]icated in the development of a mafigpant phenptype. For instance, in acute 

10 promyelocytic Irakemia, the oncoprotein produced by the fusion of PML and RAR alpha 
q>pears to siq>press specific gene transcription through the recruitment of HDACs (46). In 
this, manner^ the neoplastic cell is unable to conqilete differentiation and leads to eo^cess 
. proliferation of the leukemic ceU line. 

U.S. Patent Numbers 5,369,108, 5,93^,616, 5.700,811, 6,087367 and 6,511, 990, 

1 5 issued to some of fiie present inventors, disclose conq)ounds usefiil for selectively inducing 
terminal differentiation of neoplastic cells, which compounds have two polar end groiqps 
separated by a flexible diain of meOiylene groups (»: a by a ng^d phenyl group, herein one 
or botti 6f the polar end groiq>s is a large hydrophobic gxnsp. Some of the con^unds have 
an additional large hydrophobic group at the same end of the molecule as the first 

20 hydrophobic groiq> which fiirifa^ increases difGarentiation activify about 100 fold m an 
en^onatic assay and about 50 fold in a cell differentiation assay. Mediods of synthesizing 
tiie conq>ounds used in the m^faods and pharmaceutical conq>ositions of fliis invention are 
fidly desoibed the aforementioned patents, the entire contents of which are incoiporated 
herein by reference. 

25 In addition to tiieir biological activity as antituinor agents, the compounds disclosed 

in the afor^entioned patents have recmtiy been idratified as usefiil for treating or 
pnsventing a wide variety of tbioiedoxin CnUQrmediated diseases and conditions, such as 
infl a mmat ory diseases, all^c diseases, autoimmune diseases, diseases associated with 
oxidative stress of diseases characterized by cellulora hyperproliferation (U-S. AppHcation 

30 No. 10^369,094, filed February 15, 2003. Further, fliese compounds have been identified as 
usefiil for treating diseases of the central nervous system (CNS) such as neurodegenerative 
diseases and for treating brain cancer (See, U.S. Application No. 10J273,401, filed October 
16,2002). 
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The aforementioned patents do not disclose specific oral formulations of the HDAC 
inhibitors or specific dosages and dosing schedules of the recited coiiqK>unds that are 
effective at treating cancer» e.g.» mesothelioma or lymphoma. Importantly, the 
aforementioned patents do not disclose oral fonnulatiGns ttiat have favorable 
5 phamiacokmetic profiles such as hig^ bioavailability ^wfaich gives rise to hi^ blood levels 
of the active conq)ounds over an extended period of time. 

There is an ur^it need to discover suitable dosages and dosing schedules of these 
compounds, and to develop fommlations, preferably oral formulations, which give rise to 
steady, therapeutically e£fective blood levels of die acdve confounds over an ^traded 
10 period of time, and which are effective at treating cancer. 

SUMMARY OF THE INVENTION 

The present invention relates to methods of treating cancers, e.g.,.mesotfaelioma or 
lymphoma More specifically, the present/invention relates to methods of treatii^ 

IS mesofiielioma or dififose large B-cell lynqphoma (DLBCL), by adnunistration of 
pharmaceutical compositions comprismg HDAC inhibitors, e.g., suberoylanilide 
hydroxamic add (SAHA). In particular aspects, die methods of the invention are^used to 
treat mesofiielioma. Jn other aspects, the me^ods of the invention are used to treat 
Iynq)homa, e.g., DLBCX. 

20 The oral fimnulations of the pharmaceutical compositions have &vorable 

phaimacokinedc profiles such as high bioavailability and surprisingty give rise to fai^ 
blood levels of the active compounds over an extended period of time. The present 
invCTticm further provides a safe, daily dosing reghnen of these pharmaceutical 
compositions, which is easy to fi>llow, and whidh results in a therapeutically efifective 

25 amount ofthe HDAC inhibitors III 

In one embodiment, the pres»t invrntion provides a method of treating 
mesothelioma or DLBCL in a subject in need thera>£ by administermg to die-subject a 
pharmacoitical 0Qnq>osition comprising an ejOfecdve amount of subexoylanilide hydroxamic 
add (SAHA) or a phannaceutically acceptable salt or hydrate thereof as described herein. 

30 SAHA can be administ^ed in a total daily dose of iq> to 800 mg, preferably orally, once, 
twic^ or fliree times daily, contmuousty (evoy day) or mtemnttentily (e.g-, 3-5 days a 
week). 
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Oral SAHA has been safely admiBistered in phase I clinical studies to patients 
sufifering from mesothelioma or DLBCL. 

Furthennore, the pxeseiit invendon provides a method of treating mesothelioma or 
DLBCX. in a subject m need thereof by administering to the subject a pharmaceutical 

5 composition comprising an effective amount of an HDAC inhibitor as described herein, or a 
pharmaceutically acceptable salt or hydrate thereof. The HDAC inhibitor can be 
admmistered in a total daily dose of up to 800 mg, preferably orally, once, twice or three 
times daily, continuonsly (i.e., every day) or intennittcntiy (e.g., 3-5 days a week). 

The HDAC inhibitors and mettiods of the present invention are useful in the 

10 treatment of a wide variety of cancers, e.g., lymphoma, including Hodgldn's disease Q]D) 
and Nou'-Hodgkin's lymphoma (NHL). In one embodiment, the HDAC inhibitors are 
useful at treating mesothelioma or a large cell lymphoma, including diffuse large B-cell 
lymphoma (DLBCL). As defined herein "large ceB lynq^homa** is a lymphoma that is- 
characterized by unusually large cells. 

15 HDAC inhibitors suitable for nse in the present invration include but are not limited 

to hydroxanaic add derivatives. Short Chain Fatty Adds (SCFAs), cyclic tetr^eptides, 
benzamide derivatives, or electrophilic ketone dmvatives, as defined herein. Specific non- 
limiting exanqples of HDAC inhibitors suitable for use in the methods of the present 
invention are: 

20 A) Hydroxamic acid derivatives selected fixmi m-carboxydmiamic add 

bishydioxamide (CBHA), Trichostatin A (TSA), TridK>statin C, Salicylhydroxamic Add, 
Azelaic Bishydroxamic Add (ABHA), Azelaic-l-Hydroxamate-9-Anilide (AAHA), 6-(3- 
Chloioptoiylureido) caipoic Hydroxamic Add (SQ-UGHA), Oxamflatm, A-161906, 
Scriptdd, PXD-lOl, LAQ-824, CHAP, MW2796, andMW2996; 

25 B) Cydic tetrapeptides selected fiom Trapoxin A (TPX)-cyclic tetrq>q)tide 

(cyclo-(L-phenyManyl-L-phenyialanyi-D-iHpecolinyl-L-2-an^^ 

decanoyl); FE1901228 (FK 228, Depsipeptide); HE1225497 cyclic tetn5)q)tide; Apiddin 
cyclic tetr{q)q>tide [cyclo(N-(>methyl-L-tryptophair/l-L-isoleudnyl-D-pq)eco]]^ 
amino-8-oxodecanoyl)]; Apicidin la, ^icidin lb, Apiddin Ic, Apiddin Ha, and ^iddin 
30 nb; CHAP, HC-toxin cyclic tetrapeptide; \VF27082 cycKc; and Chlamydodn; 

Q Short Chain Fatty Adds (SCFAs) selected fiom Sodium Butyrate, 
Isovalorate, Valerate, 4 Phenjdbutyrate (4-PBA), Phenylbutyrate (PB), Propionate, 
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Butyramide, Isobutyramide, Phenylacetate, 3-Biomopropionate, Tributyrin, Valproic Add 
and Valproate and Kvanex™; 

D) Benzamide Derivatives selected ftom a-994, MS.27-275 (MS-275) [N- (2- 
aniinophen34>4-{N<pyridm-3-ylmetfao^ aminometliyl] benzamide] and a 3 - 

5 amino derivative of MS-27-275; 

B) ' Eleetropliilic Ketone Derivatives selected fiom a trifluoromethyl ketone 
and an a-keto amide such as an N-methyl-a-ketoamide; and 

F) . iMQscellaneoas HDAC inhibitors including natural products, psammapUns, 
and Depudecin. 
10 Specific HDAC inhibitors iiK^hide, for example: 

Sub^jdanilide hydroxamic add (SAHA), -wtach. is rqiieseated by the following 
structural formula: 



\=/ (CH2)6 



NHOH 



IS Pyroxamide, wfaidi is represented by the following structural formula: 



u (CHzh / 

O NHOH 



m-Caiboxycinnanuc add bishydroxamide (CBHA), which is rqyresented by the 
structural formula: 



NHOH 



20 




Other ncm-lhniting exanq>les of HDAC inhibitors ttiat are suitable for use in the 
methods of the present invention are: 

A confound represented by the structure: 
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wherein R3 and R4 are indqpendeDily a substituted or unsubstituted, branched or 

unbranched dSkyl, alkenyl, cycloalk^d, aryl, alkyloxy, aiyloxy» arylalkyloxy, or pyridine 

5 gcoiqi, cycloalkyl, aryl, aryloxy, arylalk^oxy, or pyridme ffovp^ or R3 and R4 bond together 

to form a piperidine groiq>; R2 is a hydrox3damino group; and n is an ixitegCT fiom 5 to 8. 

A compound represented by the structure: 

o o 

II II 

R C NH (CH2)n C NHOH 

wherein R is a substituted or unsubstituted phmyl, piperidine^ tfaiazole, 2-pyridine, 
10 3- pyridine or 4-pyridine and n is an integar &om 4 to 8. 
A conq)ound rqxresented by the structure: 



o 




whearein A is an amide moiety,. Ri and R2 are eadi selected fiom substituted or 
15 unsubstituted aryl, arylall;yl, naphtiiyl, pyridineamino, 9*purine-6-amino, tfaiazoleannno, 
aryloxy, arylalkyloxy, pyridyU qumolii^ or isoquinofin^; R4 is hydrogen, a halogen, a 
idienyl or a cycloaOgd moiety and n is an integer fix»n 3 to 10. 

Jn one embodimCTt, Ike pharmaceutical con^sitions conqyrising flie HDAC 
inhibitor are administered orally, for exanq>le within a gelatin cq>sule. In a further 
20 embodiment, the pharmac^itical compositions are furtti^ compised of microcrystaUine 
cellulose, croscannellose sodium and magnesium stearate. 

The HDAC inhibitors can be administered in a total daily dose that may vary firom 
patient to patient and maybe admmistered at varymg dosage sdiedules. Suitable dosages 
are total daily dosage of betwem about 25-4000 mg^^ adnmustered orally once-^y, 
25 twice-daily, or three timesHlaily, continuous (every day) or intenoittently (eg., 3-5 days a 
week). Furthermore, the compositions may be administered in cycles, witfi rest periods in 
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between the cycles (e.g., treatment for two to right wedcs with a rest period of iq> to a week 
between treatmaits). 

In one CTbodimeDt, the composition is administered once daily at a dose of about 
200-600 mg. hx anothw embodimail, die coiiq)osition is adnrinistaed twice dafly at a dose 
5 of about 200-400 mg. bi anolher embodimcait, die conqwsitiqa is administered twice daily 
at a dose of about 200-400 mg inteamittently, f« example ttree, four, ac five days per week, 
hi anotho: embodiment, the ccmi^wsition is administered three times daily at a dose of about 
100-250 mg. 

In one embodimeit, Ifae daily dose is 200 mg, vi/bich can be administered once-daily, 
10 twice-daily, or toee-times daily. In one embodiment, die daily dose is 300 mg. which can 
be administoed once-daily or twice-daily. In one embodimenl, the daily dose is 400 mg, 
^ch caa be administered once-daily or twice-^aily. 

The present invention also provides methods &>r selectively inducmg tenninal 
diflSsrentiation, cell growfli arrest and/or apoptosis of ncioplastic ceHs, e,g., lynqihoma cells 
15 in a subject, diarebymhiTntingpioMerationofsutAcdlsm said 

die subject a pharmaceutical composition comprising an efifective amount of an HDAC 
inhibitor, eg., SAHA, or a pharmaceutically accqitable salt or hydrate fliereoi^ and a 
phannaceutically acceptable carrier or ditoait. An efiBsctive aapxaA of an HDAC inhibitor 
in die present invention can be iq> to a total daily dose of 800 mg. 

Tbe pns&at invention also provides mediods for inhibiting die acdvity of a histone 
deacelylase m a subject, by administering to the subject a {duomacentical c<»iqposition 
conqiriaing an effective amount of an HDAC inMbitar, e.g., SAHA, or a phannaceutically 
accq»table salt or hydrate diereo^ and a phamiaceutically accqitable carrier or diluent An 
effective amount of an HDAC inhibitor in die present invention can be iq> to a total daily 
25 dose of 800 mg. 

The presrat inventian also provides in-vUro mediods for selectively inducmg 
tenninal differentiation, cell growdi anest and/or ptosis of neoplastic cells, e.g., 
lymphoma cells, flieteby inhibiting proliferation of such cells, by contacting die cells widi 
an effective amount of a an HDAC inhibitor, e.g., SAHA, or a phannaceutically accq)table 
30 salt or hydrate dieaieof 

The presoit invention also provides in-vUro mediods for inh&iting die activity of a 
Ustone deacetylas^ by die histone deacetylase widi an efiective amount of an HDAC 
inhibitor, e.g., SAHA, or a phannacentically acceptable salt or hydrate diereof. 
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The present invention ftirther provides a safe, daily dosing regimai of the 
fonnuladon of phannaceutical compositions comprising an HDAC inhibitor that is easy to 
follow and to adh^ to. These pharmaceutical CGnq>ositions are suitable for oral 
administradon and are use&l for treating cancer, e.g., mesothelioma, lymphoma, or other 
S cancers or tumors, by selectively inducing terminal differentiation, cell growth arrest, and/or 
apoptosis of neoplastic cells, and/or -by inhibiting histone deacetylase (HDAC). 

BRIEF DESCJRlFnON OF THE DRAWINGS 

The foregoing and other objects, features and advants^es of the invention will be 
10 qfyparent fix)m the following more particular descrqytion of prefoied embodiments of die 
invention, as illustrated in the acconq>anying drawings in which like refanence characters 
refer to tiie same parts througjbiout the different views. The drawings are not necessarily to 
scale, e3aq)hasis instead being placed upon illustrating the principles of the invention. 

1 5 FIG. 1 is a picture of a Western blot (top panel) showing the quantities of acetylated 
histone-4 (a*AcH4) in the blood plasma of patirats following an oral or 
intravmous (IV) dose of SAHA. IV SAHA was administered at 200 mg 
infused over two hours. Oral SAHA was administered in a single csqpsule at 
200 mg. The amount of a-AcH4 is shown at the indicated time points. 

20 Bottom panel: Coomassie blue stain. 

FIG. 2 is a picture of a Western blot (top panels) showing , the quantities of 
acet)dated histone-4 (a*AcH4) in tiie blood plasma of patients having a solid 
tumor, following an oral or intravenous (TV) dose of SAHA. IV and Oral 
SAHA were administered as in Figure 1. The amount of (x-AcH4 is shown 

25 at the indicated time points. The experiment is shown in di^licate (Fig 2A 

and Fig 2B). Bottom panels: Coomassie blue stain. 
FIG* 3 is a picture of a Western blot (top panels) showing the quantities of 
acetylated histone-4 (a-AcH4) (Figure 3A) and acetylated histone-3 (a- 
AcH3) (Figures 3B-E) in the blood plasma of patients following an oral or 

30 inliavenous(IV)doseof SAHA,QnDay 1 andDay21. IV and Oral SAHA 

w^e administered as in Figure 1. The amount of a-AcH4 or a-AcH3 is 
shown at the indicated time points. Bottom panels: Coomassie blue stain. 
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FIG. 4 is a picture of a Western blot (top panels) showing the quantities of 
acetylated histone-3 (a-AcH3) in the blood plasma of patients having a solid 
tumor, following an oral or intravenous (IV) dose of SAEIA. IV and Oral 
SAHA were administered as in Figure 1. The amount of a-AcH3 is shown 

S at the indicated time points. Bottom panel: Coomassiebluestain. 

FIG. 5 is a picture of a West^ blot (top panels) showing the quantities of 
acetylated histon©-3 (a-AcH3) in the blood plasma of patients following an 
oralormtravenous(IV)doseofSAHA IV SAHA was administered at 400 
mg mfused over two hours. Oral SAHA was administered in a single 

0 d^psule at 400 mg. The amount of a-AcH4 is shown at the indicated time 

points. The experiment is shown in trqjlicate ^ig 5 A and B). Bottom 
panels: Coomassie blue stain. 
TIG. 6 is a picture of a Western blot (top panel) showing the quantities of acetylated 
histone-3 (a-AcH3) in the blood plasma of patients having a solid tumor, 

5 following an oral or intravenous (TV) dose of SAHA IV and Oral SAHA 

were administered as in Figure 5. The amount of a-AcH3 is shown at the 
indicated time points. Bottom panel: Coomassie blue stain. 
FIG. 7 is a picture of a Western blot (top panels) showing the quantities of 
acetylated histone-3 (a-AcH3) in the blood plasma of patients having a solid 

0 tumor following an oral or intravenous (IV) dose of SAHA, on Day 1 and 

Day 21. IV and Oral SAHA were administered as in Figure 4. The amount 
of a-AcH4 or a-AcH3 is shown at flie indicated time points. The 
experiment is shown in triplicate (Fig 7 A-Q. Bottom panels: Coomassie 
blue staiiL 

5 FIG. 8 is a picture of a Western blot (top panels) showing the quantities of 
acetylated histone-3 (a-AcH3) in the blood plasma of patients following an 
oral or intraveoous (IV) dose of SAHA. IV and Oral SAHA were 
administaed as in Figure 5. The amount of a-AcH3 is shown at the 
indicated time points. Bottom panels: Coomasde blue stain. 

a FIGS. 9A-C are grq^hs showing the mean plasma concentration of SAHA (ng^) at 
the indicated time points foDowing administration. Fig 9 A: Oral dose (200 
mg and 400 mg) under fisting on Day 8. Fig9B: Oral dose (200 mg and 
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400 mg) with food on Day 9. Fig9C: IVdoseonday 1. 
FIG. 10 shows flie apparent half-life of a SAHA 200 mg and 400 mg oral dose, on 
Days 8, 9 and 22. 

FIG. 11 shows the AUG (ng^ml/hr) of a SAHA 200 mg and 400 mg oral dose, on 
5 Days 8, 9 and 22. 

FIG. 12 shows the bioavailability of SAHA after a 200 mg and 400 mg oral dose, on 
Days 8, 9 and 22. 

FIG. 13 is a CT Scan of a mesofhelioma tumor of a patient, before 0eft) and after 

(light) six months of treatm^t with SAHA at a dose of 3 00 mg twice daily 3 
10 . days a week. 

FIG. 14 is a CT scan taken firom a patiCTt with Difbse Large CeULyii^hoa^ 

treatment (A) and after (B) 2 months of treatment with SAHA at a dose of 
400 mg BID for 1 month followed 400 mg QD for one month. 

FIG. 15 is a PET scan taken fiom a patient with Difiuse Large CeU Lymphoma, 
IS before treatment (A) and after (B) 2 months of treatment witti SAHA at a 

dose of 400 mg BID for 1 mondi followed 400 mg QD for one month. 

FIG. 16 is a CT scan taken fiom a pati^t witfi Difiuse Large Cell Lymphoma, before 
tzeatment(A)andafta:(B) 1 monthof treatmeat withSAHAat adoseof 600 
mgQD. 

20 FIG. 17 is a PET scan taken fiom a patirat widi Difiuse Large Cell Lynq>homa, 
before treatment (A) and after (B) 2 months of treatmmt with SAHA at a 
dose of200mg BID. 

DRTAn.TCn DESCRIFnON OF THE INVENTION 
25 The present invention relates to methods of treating cancers, e.g., mesothelioma or 

lymphoma. More specifically, the present invention relates to methods of treating 
mesothehoma or difiRise large B-cell lymphoma (DLBCL), by administratioii of 
pharmaceutical compositions coiqprising HDAC inhibitors, e.g., subero^anilide 
hydroxamic acid (SAHA). In specific aspects, the methods of the invention are used to treat 
30 mesothelioma. M other aspects, the methods of the invention are used to treat lynqdioma, 
including DLBCL. 

The oral fi>rmulations of the pharmaceutical coiiq)ositions of the invention have 
favorable pharmacokinetic profiles such as high bioavailability and surprisingly give rise to 
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high blood levels of the active compounds over an extended p^od of time* Thus, the 
present invention further provides a safe, daily dosing regimen of these pharmaceutical 
conipositions, ^hich is easy to foUow, and which results in a therq)eutically effective 
amount of flie HDAC inhibitors in vim. 

Accordingly, in one embodiment, the present invention provides a method of 
treating mesothelioma or DLBCL in a subject in need theceoi^ by administering to the 
subject a pharmaceutical composition con:q)rising an effective amount of an HDAC 
inhibitor as described herein, or a phannaceutically acceptable salt or hydrate thereof. The 
HDAC inhibitor can be administered in a total daily dose of iq> to 800 mg, preferably orally, 
once, .twice or three times daily, continuously (i.e., every day) or intemiittently (e.g., 3-5 
days a week). 

In one embodiment, the HDAC inhibitor is suberoylanilide hydioxamic add 
(SAHA). In another mibodiment, the HDAC inhibitor is a hydraxamic acid derivative as 
desoibed herem. hi another embodiment, the HDAC inhibitor is represented by any of the 
structure of formulas 1-51 described herem. hi another embodiment, the HDAC inhibitor is 
a b^izamide derivative as described herein. In another embodiment, tibe HDAC inhibitor is 
a cychctetrqyqitide as described herein. M another embodiment, the HDAC inhibitor is a 
Short Chain Fatty Add (SCFA) as described herem. In another raibodunent, the HDAC 
inhibitor is an electrophiUc ketone as desoibed h^pem. M anoftier embodiment, the HDAC 
mhibitorisdq>udecin. In another embodhnent, the HDAC inhibitor is a natural product In 
another embodimmt, the HDAC inhibitor is a psammapHn. 

la one particular embodimmt, the preset invention provides a method of treating 
mesothelioma or DLBCL in a subject in need thereof by administering to the subject a 
pharmaceutical conqKisition comprising an effective amount of suberoylanilide hydroxamic 
add (SAHA) or a phazmaceotically acceptable salt or hydrate thereof as described herein. 
SAHA; can be administoied m a total daily dose of up to 800 mg, preferably orally, once, 
twice, or three times daily, continuously (every day) or intecmittentiy (e.g., 3-5 days a 
wedc). SAHA is represented by the following structure: 




MHOH 
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In anotiier particular embodiment, flie present invention relates to a method of 
treating mesothelioma or DIBCL in a subject, con^rising the step of administering to the 
subject an effective amount of a i^iannaceutical composition conq>rising a histone 
deacetylase (HDAC) inhibitor represented by any of the structure described herem as by 

5 formulas 1-51 described herein, or a phaimaceutically accq>table salt or hydrate tiiereoi^ 
and a phaimaceutically acc^table carrier or diluent, wherein the amount of the histcme 
deacetylase inhibitor is effective to treat mesotfaeUoma or DIJ3CL in the subj 

The tenn "treating" in its various grasunatical forms in relation to tiie present 
invention refers to preventing (i.e., chemoprevmtionX curing, reversing, attenuating, 

10 alleviating, minimizing, suppressing or halting the deleterious effects of a disease state, 
disease progression, disease causative agent (e.g., bacteria or viruses) or other abnormal 
condition. Por example, treatment may involve alleviating a symptom (i.e., not necessary 
aU-symptom8)of a disease or attenuating the progression of a disease. Because some of tiie 
inventive methods involve the physical r^oval of tfie etiological agent, the artisan will 

15 recognize that they are equally effective in situations where the inventive compound is 
adnunistered prior to, or simultaneous with, exposure to the etiological agent (projphylactic 
treatmrat) and situations where the invaitive compounds are administered after (even well 
after) exposure to the etiological agmt 

Treatment of cancer, as used herein, refers to partially or totally inhibiting, delaying 

20 or preveaitmg the progression of cancer nichiding cancer metastasis; mhibitin^ delaying or 
preventing the recurrence of cancer including cancer m^astasis; or inventing the onset or 
development of cancer (chemoprevention) in a mammal, fisr example a human. 

As used herein, the term '*tiierq>eutically effective amount** is intended to 
eoGompass any amount that will achieve the desired biological response. In the present 

25 invention, the desnred biological response is partial or total inhibition, delay, or prevention 
of ttie progression of cancer including cancer metastasis; inhibition, delay or prevention of 
the recurrence of canc^ including cancer metastasis; or the prevention of the onset or 
development of cancer (chCTioprevCTtion) in a mammal, for example b, human* 

The method of the presoit invention is intended for the treatment or 

30 . diemoprevention of human patients with cancer. However, it is also likely Oat the metiiod 
would be effective in the treatment of cancer in other mammals. 

Histone Deacetvlases and Histone Deacetylase Inhihftnrs 
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Histone deacetylases (HDACs), as that tenn is used herein, are enzymes that 
catalyze the removal of acetyl gxsmps from lysme residues in ttie amino tenninal tails of the 
nucleosomal core histones. As such, HDACs toge&er with histone acetyl transferases 
(HATs) regulate the acetylation status of histones. Histone acetyMion affects g^e 
5 expression and inhibitors of HDACs» sudi as the hydroxamic add-based hybrid polar 
compound suberoylanilide hydroxamic add (SAHA) induce growth arrest, differentiation 
and/or apopto^ of transformed cells in vitro and inhibit tumor growth in vivo. HDACs can 
be divided into three classes based on structural homology. Class I HDACs (HDACs 1, 2, 3 
and 8) bear similarity to the yeast RPD3 protein, are located in the imcleus and are fiaund in 

10 complexes associated wifttranscrq>ti(malco*rq>ressors. Class II HDACs (HDACs 4, 5, 6, 
7 and 9) are similar to the yeast HDAl protein, and have both nuclear and cytoplasmic 
subcellular.localization. Both Class I.andtll HDACs are inhibited by hydroxamic add- 
based HDAGmhibitors, such as SAHA Class m HDACs form a structurally distant class 
of NAD dependent mzymes fliat arc related to the yeast SIR2 proteto 

15 by hydroxamic add-based HDAC inhibitors; 

Histone deacetylase inhibitors or HDAC inhibitors, as that term is used herein are 
compounds that are capable of inhibitmg the deacetylation of histones in vivo, in vitro or 
both. As such, HDAC mhibitorsmhibit the activity of at least on^ As 
a result of inhibiting the deacetjdation of at least one histone» an increase in acetylated 

20 histone occur? and accumulaticm of acet^ated histone is a suitable biological marker for 
assessmg the activity of HDAC inhibitors. Therefore, procedures that can assay for 
accumulation of acetylated histxmes can be used to detemiine flie HDAC inhibitory activity 
of compounds of interest It is undcsrstood that conq>ounds that can inhibit histone 
deacetylase activity can also bind to othar substrates and as sudi can irihibit other 

25 biologically active molecules such as enzymes. It is also to be undostood that the 
confounds of the present mvotion are capable of inhibitmg any of the histone deacetylases 
set fiirlfa above, or any other histone deacetjdases. 

For exanq)le, m patimts recdvmg IH>AC inhibitors, the accumulation of ac^lated 
histones m peripheral mononuclear cells as well as in tissue tr^ed wifli HDAC mhibitors 

30 can be detmnmed against a suitable conlroL 

HDAC inhibitory activity of a particular compound can be determined in vitro nsmg, 
for example, an enzymatic assays whidi shoM^ inhibition of at least one histone 
deacetylase. tvaHber, detennination of the accumulation of ace^ated histones in ceBs 
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Iq another particular embodiment, flie present invoition relates to a method of 
treating mesothelioma or DLBCX in a subject, comprising the step of administering to the 
subject an effective amount of a phamuiceatical composition comprising a histdne 
deace^ase (HDAC) inhibitor tepresesAGd by any of the structure described herdn as by 

5 fomulas 1-51 described herein, or a phaimaceuticalty acceptable salt or hydrate Ihereot 
and a phaimaceutically acceptable carrier or diluent, wherein the amount of the histone 
deacetylase inhibitor is effective to treat mesolfaehonm or DUSCL hi the sub^ 

The tenn "treating** in its various grammatical fonns in relation to the present 
invention refm to preventing (i.e., chemoprevmtion), curing, reversing, attoouatmg, 

10 alleviating, minimizmg, siq)pressing or halting the deleterious effects of a disease state, 
disease progression, disease causative agent (e.g., bacteria or viruses) or other abnomoud 
condition. Por example, treatment may involve alleviating a symptom (Le., not necessary 
all:symptoms)of a disease or attenuating the progression of a disease. Because scmie of the 
inventive methods involve tiie physical rmoval of tiie etiological agent, the artisian will 

15 recognize that they are equally effective in situations where the inventive compound is 
administered prior to, or simultaneous with, exposure to tiie etiological agent (prophjdactic 
treatmra^t) and situations where the invntive Gonq)ound8 are administ^ped after (even well 
afio:) e}q>osure to the etiological agent 

Treatment of cancer, as used herein, refers to partially or totally inhibiting, delaying 

20 or prevCTting the progression of cancer iiK^tuding cancer metastasis; inhibiti]]^ delaying or 
preventing the recurrence of cancer including cancer metastasis; or prev^iting the onset or 
development of cancer (chmioprevention) in a mammal, for exanq>le a human. 

As used herem, tiie tenn **tiierapeutically effective amount" is intended to 
mcQnq)ass any amount that will achieve the deshed biological xespmso. In the present 

25 invention, the desired biological response is partial or total inhibition, delay, or prevaticm 
of tiie progression of cancer including canc^ metastasis; inhibition, delay or prevention of 
the recurrence of cancer including cancer metastasis; or the prevention of the onset or 
development of cancer (chemopreventicm) in a mammal, for example a human. 

The method of the presmt invention is intended for the treatment or 

30 . chemoprevention of human patients witii cancor. However, it is also likely that the mettiod 
would be effective in tiie treatment of cancer in otiier mammals. 

Histone Dcacetvlases and Histone Deacetvla se Inhibitors 
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Histcme deacetylases (HDACs), as tbat term is used herein, aie enzymes that 
catalyze the removal of acetyl gmsps from lysine residues in the amino terminal tails of the 
nucleosoniial core histones. As such, HDACs together with histone acetyl transferases 
(HATs) regulate the acetylation status of histones. Histone acetjd^on afifects gene 
5 ejcpression and inhibitors of HDACs, such as the hydroxamic add-based hybrid polar 
compound siiberoylamlide hydroxamic add (SAHA) induce growth arrest, differentiation 
and/or dpagtosis of transformed cells in vi^ and inhibit tumor growth in vivo, HDACs can 
be divided into three classes based on structural homology. Class I HDACs (HDACs 1, 2; 3 
and 8) bear similarity to the yeast RPD3 protein, are located in the nucleus and are found in 

10 coitq)lexes associated wi& transcriptional coHTcpxessors. Class n HDACs OIDACs 4, 5, 6, 
7 and 9) are similar to the yeast HDAI protein, and have both nuclear and cytoplasmic . 
sttbcelhilar .tocalization. Both Class l andtQ HDACs are inhibited by hydroxamic add-, 
based HDAC mhibitors, such as SAHA. Class m HDACs form a structurally distant class 
of NAD dq)endent enzymes that are related to the yeast SIR2^p^ 

15 by hydroxamic add-based HDAC inhibitors; 

Histone deacetylase inhibitors or in>AC inhibitors, as that term is used herein are 
compounds that are capable of inhibiting &e deacetylation of histones in vivo, in vitro or 
both. As such, HDAC mhibitors inhibit Re activity of at least one lustone As 
a result of inhibiting the deacetjdation of at least one histone, an increase in acetylated 

20 histone occurs and accumulation of acetylated histone is a suitable biological marker for 
assessmg the activity of HDAC iohibitoni. Therefore, procedures that can assay for the 
accumulation of acetylated histcmes can be used to determme the HDAC inhibitory activity 
of compounds of interest It is undexstood that contpounds that can inhibit histone 
deacetylase activity can also bind to other substrates and as such can inhibit other 

25 biologically active molecules such as enzymes. It is also to be understood that the 
confounds of the present invotion are capable of inhibitmg any of flie histone deacetylases 
set jSirlh above, or any other histone deacet3dases. 

For example in patients recdving HDAC inhibitors, the accumulation of acetylated 
histones in periph^ mononuclear cells as well as in tissue treated with HDAC inhibitors 

30 can be determined against a suitable controL 

HDAC inhibitory activity of a particular conqtound can be determined in vitro using, 
for example, an enzymatic assays which shows inhibiticm of at least one histone 
deacetylase. Further, detocmmation of the accumulation of acet^ated histones in ceHs 
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treated with a particular composition can be determinative of the HDAC inhibitory activity 
of a conipound. 

Assays for the accumulation of acetylated histones are well known in the literature. 
See, fer example, Marks, P.A. et al., J. Natl. Cancer hist., 92:1210-1215, 2000, Butler, LM. 
5 et aLy Cancer Res. 60:5165-5170 (2000), Richon, V. M. et aL, Proc. Natl. Acad. Sd*, USA, 
95:3003-3007, 1998, and Yoahida, M. et aL, 3. Biol. Chem., 265:17174-17179, 1990. 

For example, an enzymatic assay to determine the activity of an HDAC inhibitor 
compound can be conducted as follows. Briefly, the effect of an HDAC inhibitor 
compound on afiSnity purified human epitope-tagged (Flag) HDACI can be assayed by 

10 incubating the wzyme preparation in the abs«ce of substrate on ice for about 20 minutes 
with the indicated amount of inhibitor compound. Substrate ([^acetyl-labeled niurine 
^yttrroleukemia cell-derived histone) can be. added and the sample can be mcubated for 20 
minutes at 37''C m a total volume of 30 pL. The reaction can then be stopped and released 
acetate can be extracted and flie amount of radioactivity release, determined by scintillation 

IS counting. An alternative assay useful for detmnining the activity of an HDAC inhibitor 
compound is the ^UDAC Fluorescent Activity Assay; Drug Discovery Kit-AK-SOO" 
available ftom BIOMOL® Research Laboratories, hic., Plymouth Meeting, PA 

In vivo studies can be conducted as follows. Animals, for example, mice, can be 
injected intraperitoneally witii an HDAC inhibitor coixq[K>und. Selected tissues, for 

20 example, brain, sple^ liver etc, can be isolated at predetermined times, post 
administratioiL Histones can be isolated &om tissues essentially as described by Yoshida et 
al., J. Biol. Chem. 265:17174-17179, 1990. Equal amounts of histones (about 1 jig) can be 
electrophoresed on 15% SDS-polyacrylamide gels and can be transferred to Hybond-P 
filters (available fiT>m Amersham). Filters can be blocked with 3% milk and can be j^bed 

25 with a rabbit purified polyclonal anti-acetylated Mstone H4 antibody (a-Ac-H4) and anti- 
acetylated histone H3 antibody (a-Ac-H3) (Upstate Biotechnology, hic). Levels of 
acetylated histone can be visualized using a horseradish peroxidase-conjugated goat anti- 
rabbit antibody (1:5000) and the SuperSignal chemiluminescent substrate (Pierce). As a 
loading control for the histone protein, parallel gels can be run and stained with Coomassie 

30 Blue(CB). 

hi addition, hydroxamic acid-based HDAC inhibitors have been shown to up 
regulate the expression of the p21»^» gene. The p21''^ protein is induced within 2 hours of 
culture witii HDAC inhibitors in a variety of transformed cells using standard mediods. The 
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induction of the p21~' gene is associated with accumulation of acetylated histones in the 
chromatin region of Has gaie. Induction of p21~« can therefore be recognized as involved 
in the Gl cell cycle arrest caused by HDAC inhibitors m ttansfbnned ceUs. 

Typically, HDAC inhibitors m into five gjenend classes: 1) hydroxamic add 

5 derivatives; 2) Shart-Chain Fatty Adds (SCFAs); 3) cycKc tetiapeptides; 4) benzamides; 
and 5) dectropMlic k^ones. 

Thus, file present invention inchides within its broad scope compositions comprising 
HDAC inhibitors which are 1) hydroxamic acid derivatives; 2) Shcnt-Chain Fatty Adds 
(SCFAs); 3) cyclic tetrapeptides; 4) benzamides; 5) electrophiKo ketones; and/or any other 

0 class of con^wundscqjable of inhibiting Mstanedeacetyiases, for us^ 

deacetylase, inducing terminal differentiation. ceU growth anest and/or apoptosis in 
neoplastic cells, and/or inducing differentiation, ceB growth anest and/or apoptosis of tumor 
ceQsinatumor. 

Non-linriting examples of such HDAC inhibilois are set forth below. It is 

5 understood that &e present invention inchides any salts, aystal structures, amoiphous 
structures, hydrates, derivatives, metaboUtes, stereoisomers,- structural isomers, and 
prodrugs of flieHDAC inhibitors described herdn. 

^ HvdroTamic Add Dcflv^tiY** sudi as suberoylanifide hydroxamic add 
(SAHA) (Richon et al^ Ptoc. NatL Acad. Sd. USA 95,3003-3007 (1998)); m- 

5 carboxydnnamic add bishydroxamide (CBHA) (Ridion et al., supra); pyraxamid^, 
tridiostalin analogues such as tridu>statin A (TSA) and tridiostatm C (Koghe et al. 1998. 
Biodiem. PharmacoL 56: 1359-1364); saUcylhydnnamic add (Andrews et al., hitemational 
J. Parasitology 30,761-768 (2000)); snbero^bishydroxamic add (SBHA) (U.S. Patent No. 
5,608,108); azeUdc bishydroxamic add (ABHA) (Andrews et al., supra); azelaic-1- 

5 • Iqrdroxamate-9-anifide (AAHA) (Qiu et al., Mol BioL Cdl 11, 2069-2083 (2000)); 6-(3- 
dilorophenyhirwdo) caipoic hydraxamic add (SO-UCHA); oxamflatm [(2E)-5-[3- 
[(phenjtou&nyl) aminol phen)d]-p€at-2-en-4-ynohydroxamic add] (Kim et al. Oncogene, 
18: 2461 2470 (1999)); A-161906, Sa:q>taid (Su et al. 2000 Cancer Research, 60: 3137- 
3142); PXD-101 (Prolifix); LAQ-824; CHAP; MW2796 (Andrews et al., supra); MW2996 

• (Andrews al., supra); or any of the hydroxamic adds disclosed in U.S. Patrat Numb«s 
5369,108, 5,932,616, 5,700,81 1, 6.087,367 and 6,511, 990. 

B. Cyclic Tetrapeptidw such as tntpoidn A (TPX)-cyc]ic tetr^tide (cyclop 
phenyidanyi-I^phenylalanyl-I>ijipecohnyI-L.2-amino.8.ox^^^ decanoy!)) 
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(Ejixna er al., J Biol. Chem. 268^29-22435 (1993)); FR901228 (FK 228, depsipeptide) 
(Nalogima et al., Ex. Cell Res. 241,126-133 (1998)); FR225497 cyclic tetnq>eptide (H. Mori 
et ifl., PCT AppKcation WO 0(V08048 (17 Febniary 2000)); apiddin cyclic tetrapeptide 
[cyclo(N-0-methyl-L-tryptophanyl-L -isoleudnyl-D5MpecoKn^-I^2-ainiiio-8- 
5 oxodecanoyl)] (Daridn-Rattray et al., Pnw. NatL Acad. Sd. USA 93,1314313147 (1996)); 
apiddin la, apiddin lb, ^ddin Ic, ^ddin Ifa, and q>iddin Hb (P. DuMi et al., PCT 
Application WO 97/11366); CHAP, HC-toxin cycKc tebapeptide (Bosch a/.. Plant Cell 7, 
1941-1950 (1995)); WF27082 cyclic teliapqitide (PCT AppKcation WO 98/48825); and 
chlamydodn (Bosch e/ a/., sqnca). 

10 Short chain fatty add fSCFA^ amri,yjM'^i>f such as: sodium 

hutyrate (Cousens etal., J. BioL Chem. 254,1716-1723 (1979)); isovalerate (McBain et al., 
Biochem. Phann. 53: 1357-1368 (1997)); valerate (McBain et al., supra) ; 4-phenynratyrate 
(4-PBA) (Lea and Tulsyan, Anticancer Reseaidi, 15,879-873 (1995)); phenjdbutyrate (PB) 
(Wang a/.. Cancer Researdi, 59, 2766-2799 (19»)); propionate (McBain et a/., supra); 

15 butyramide (Lea and Tulsyan, supra); isobutyramide (Lea and Tulsyan, supra); 
phmjdacetate (Lea and Tulsyan, sq>ra); 3-bromopropionate (Lea and TWsyan, sapm); 
tribulyrin (Guan et al.. Cancer Research, 60,749-755 (2000)); va^ic add, valproate and 
Pivanex™. 

^' H>rfi««^ soch as a-994; MS-275 [N- (2-amjnopheQyl)-4- [N- 

20 (pyridin-3-yi mellioxycarbanyl) ammomeftyl] benzamide] (Sai(p et al., Proc. Nafl: Acad. 
Sd. USA 96, 4592^597 (1999)); and 3'-anrino derivative of MS-275 (Saito et al., si^jra). 

^' BleetroDUfflc ketone dertvadve* siinh friflnnr«mArt.^yi pr^^ -t rrr, 

Bioorganic & Med. Chem. Lett (2002), 12, 3443-3447; U.s; 6,511,990) and a-keto amides 
such as N-methj^-a-keto amides. 

^ Oflier HDAC Inhihi»nn» such as natural jmvlnrfg pc ammnp linQ ^tld Pfpudedn 

(Kwm et al. 1998. PNAS 95: 3356-3361). 

Prefcned hydroxamic add based HDAC inhibitors are suberoylanilide hydioxamic 
acid (SAHA), m-carboxycimiamic add bishydroxamide (CBHA), and pyroxamide. SAHA 
has been shown to bind directly in the catalytic pocket of the histone deacetylase enzyme. 
JO SAHA induces cell cycle arrest, diffenaitiation, and/or ^x^tosis of transformed cells in 
culture and mbibitB tumor growth in rodents. SAHA is effective at inducing these effects m 
both solid tumors and hematological cancers. It has been shown that SAHA is effective at 
inhibiting tumor growtfi in animals with no toxidty to flie animal The SAHA-induced 
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inhibition of tumor growth is associated vnHh an accumulation of acetylated Mstones in ttie 
tumor. SAHA is effective at inhibiting flie developmeat and continued growth of 
caicinogen-induced (N-mediyfaiitrosourea) mammary tumors in rats. SAHA was 
administered to the rats in their diet over the 130 days of flie study. Hius, SAHA is a 
5 nontoxic, orally active antitumor agrat whose mechanism of action involves the inhibition 
of Ustone deacetjdase activity. 

Preferred HDAC inhibitors are those disclosed in U.S. Patent Numbers 5^69,108, 
5,932,616, 5i700,811, 6,087,367 and 6,511, 990, issued to some of the present inventors 
disclose compounds, the entire contents of which are incorporated herein by referrace, non- 
10 limiting examples of which are set forth below: 

In one embodunent tiie HDAC inhibitor useful in the methods of the present 
invention is r^fxresented by the structure of formula 1, or a pharmaceutically acceptable salt 
or hydrate thereof and a phamiaceuticaHy accq>table. canier or excipient 

N / 

Ji (CH2)n ^ 

(1) 

wherein Ri and Ra can be flie same or different; when Ri and Rz are the same, eadi is a 
substituted or unsubstituted aiyJamino, cycloalkylambo, pyridineamino, pipeiidino, 9- 
puniie-6-amine or thiazoleamino gantp; when Ri and Ra ae different Ri»R}-N-Ri, wherein 
each of Rs and Ri are independently die same as or diffoent ism each othw and are a 
hydrogen atom, ahydroxyl group, a substitated or unsubstituted, branched or unbranched 
alkyi, aDcenyl, cydoalkyi, aiyl alkyioxy, aryioxy, arylallqtoxy or pyridine ffoap, or Rsand 
Ri are bonded together to form a jipeddiDG ffoap, Ra is a hydroxjtonino, hydroxy!, amino, 
aUEjdamino, dialkjdamino oraH^loxygioiq) and n is an integer fiom about 4 to about 8. 

In a particular embodiment of finmula 1, Ri and R2 are same and are a 

25 substituted or unsubstituted thiazoleanrinognaip; and n is an integer fom about 4 to a^ 
8. 

hi one embodiment, Ihe HDAC inhibitor useful in the methods of the presait 
invention is rqnesoited by the structure of finmula 2, or a phannacoitically acceptable salt 
or hydrate fbsteot and a pharmaceotically accqitable canier or excquent 
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(2) 

wherein each of Ri and R4 are independently the same as or different Scorn each other and 
are a hydrogen atom, a hydroxyl group, a substituted or unsubstituted, branched or 
5 unbranched alkyl, aDcenyl, cycloalkyl, atylalkyloxy, aryloxy, axylalkyloxy or pyridine 
group, or R3 and are bonded together to form a piperidine group, Riis a hydroxylamino, 
hydroxyl, amino, alkylamino, dialkylamino or alkyloxy groiq> and n is an integer fiom 
about 4 to about 8. 

In a particular embodiment of formula 2, each of R3 and R4 are independently the 

10 same as or different from each other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted, branched or unbranched alkyl, alkenyl, cycloalkyl, aiyl, 
alkyloxy, aryloxy, arylalkyloxy, or pyridine group, or R3 and R4 bond together to form a 
piperidine group; R2 is a hydroxylamino, hydroxyl, amino, alkylamino, or alkyloxy group; n 
is an integer from 5 to 7; and R3-N-R4 and R2 are different. 

15 hi another particular embodiment of formula 2, n is 6. lin yet another embodiment of 

formula 2, R4 is a hydrogen atom, Ra is a substituted or unsubstituted phenyl, and n is 6. Li 
yet another embodimoit of formula 2, Riis a hydrogen atom, R3 is a substituted phenyl and 
n is 6, wherein the phenyl substituent is selected fiom the group consisting of a methyl, 
cyano, nitro, trifluoiomeQiyl, amino, aminocaibon^ meth^cyano, chloro, fluoro, biomo, 

20 iodo, 2,3-difhioio, 2,4-difhioio, 2,5-difluofrp, 3,4-difluon>, 3,5-difluQro, 2,6-difhioro, 1,2,3- 
trifhioro, 2,3,6-trifhiQio, 2,4,64ri£h]0io, 3A5-trifiuoio, 2,3,S,6-t^rafiuoio, 2^.4,5,6- 
^ pentafluoro, azidoT hsxyl, t-but^ phenyl, caiboxyl, hydiox}^ me&oxy, phenyloxy, 
benzyloxy, phenylaminooxy, phenylanunocaxbon^ methoxycaibonyl, 
methylaminocaxbonyl, dimethylamino, dimetfaylamino caibonyi, or hydroxyhuninocarbonyl 

25 group. 

hi anoth^ mbodiment of fimnula 2, n is 6, R4 is a hydrogen atom, and R3 is a 
cyclohexyl group. In another enibodiment of formula 2, n is 6, R4 is a hydrogen atom, and 
R3 is a methoxy group. In another embodiment of formula 2, n is 6 and Ra and R4 bond 
together to form a piperidine groiq>. In another embodiment of formula 2, n is 6, R4 is a 
30 hydrogen atom, and R3 is a benzyloxy groiq). Inanotfaer embodiment of formula 2, R4 is a 
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hydrogm atom and R3 is a,Y-pyridme group. In anofh^ embodimmt of fonmila 2, R4 is a 
hydrogen atom and R3 is a ^-pyridine groiq>. la another embodiment of fonnula 2, R4 is a 
hydrogen atom and R3 is an a-pyridine group. In another embodiment of formula 2, n is 6, 
and R3 and R4 arebotti mefh>i groiq>s. In another CTibodiment of finmula 2, n is 6» R4 is a 
5 meth^ group, and R3 is a phenyl group. 

In one CTibodimrat, the HDAC inhibitor useful in the methods of the present 
invention is represented by the structure of fonnula 3» or a pharmaceutically acceptable salt 
or hydrate thereof and a pharmaceutically acceptable carrier or excqneut 



In a preferred embodiment of formula 3, n is 6. In accordance with tins 
embodiment, the HDAC inhibitor is SAHA (4), or a pharmaceutically acceptable salt or 
15 hydrate thereof and a pharmaceutically acceptable carrier or excqri^t SAHA can be 
rqiresented by the following structural formula: 



20 inventionistq)res»tedby&estructureof fonnulaS, oraphaxmac 

or hydrate diereoi^ and a phaimacaitically acceptable carrier or excipiexit 



10 




(3) 



wherein n is an integer from 5 to about 8. 




NHOH 





25 



(5) 

M one onbodimetit. Hie HDAC inhibitor useful in the mediods of the pieseot 
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invention is represented by the structure of formula 6 (pyroxamide), or a phannacteutically 
accq>table salt or hydrate thereof, and a pharmaceuticaUy accq>table carrier or exdpient. 

O NHOH 
(6) 

Jn. one embodimrait, Uie HDAC inhibitor us^il in tiie mebods of fhe ptesent 
invention is represented by fhe structure of fonnula 7, or a phatmaceotically acceptable salt 
or hydrate thereof and a phaimaceudcally acc^table carrier or ex^ie&t 




10 

co- 
in one embodiment, the HDAC inhibitor useful in the methods of flie present 
invention is represented by the structure of formula 8, or a pharmaceutically acceptable salt 
or hydrate tiiereo^ and a pharmaceutically accqitable carrier or exc^ient 

15 

/ 



O NHOH 
(8) 

In one embodiment, the HDAC inhibitor useful in the methods of ttie present 
20 inmition is represented by the structure of formula 9, or a pharmac^cally acceptable salt 
or hydrate diereo^ and a pharmaceutically accqntable carrier or exdpient 

y \ ^ 

/ \— CH,— /P 

\ (CH2)6 / 

O NHOH 
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(9) 



In one embodiment, the HDAC inhibitor useful in the methods of flie present 
invention is represented by the structure of foimtila 10, or a phannaceutically acceptable 
5 salt or hydrate thereoj^ and a phannaceutically acceptable carrier or exdpient. 



wherein R3 is hydrogen and lU cycloaDcyl, aryl, aryloxy, aiylalkgdoxy, or pyridine gcoiq?, or 
10 R3 and R4 bond together to fonn a piperidine group; R2 is a faydioxylanuno groiqi; and n is 
an integer fiom 5 to about 8. 

In one embodiment, tiie HDAC inhibitor useful iii the methods of the present 
invration is represented by the structure of fomiula 11 » or a phannaceutically acceptable 
salt or hydrate thereoi^ and a phaimaceutically acceptable carrier or exdpient 



vidierein R3 and R4 are independently a substituted or unsubstituted, branched or unhrancbed 
alkyl, alkenyU cycloalkyi, aryl, afls^oxy, aryloxy, arylalkyloxy, or pyridine groiq>, 
20 cycloalkyl, aiyl, ar^oxy, arylalk>loxy, or pyridine gcoiq>, or R3 and R4 bond together to 
fonn a piperidine groi^; B^zisahydioxylaminogcoi^; andnisaninteg^fiom 
8. 



invention is rqxresented by the structure of formula 12, or a phannaceutically accqytable 
25 salt or hydrate thereof and a phannaceutically accq>table carrier or excipient 




(10) 




(11) 



In one embodiment, the HDAC inhibitor usefid in flie meOiods of the presrat 



26 



wo 2005/018578 



PCT/US2004/027943 



O O O o 
\ (H2C)nn C C (CH2)n 

^ i 

(12) 

v^erdn each of X and Y are independenfly the same as or different from each other and are 
a hydroxyl, amino or hydroxylamino group, a substituted or unsubstituted alkyloxy, 
5 alkylamino, dialkylamino, arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylamino, or aryloxyalkylamino group; R is a hydrogen atom, a hydroxyl, group, 
a substituted or unsubstituted alkyl, arjdalkyloxy, or aiyloxy group; and each of m and n are 
indq)»dently the same as or dififerent fixnn each other and are each an integer fiom about 0 
to about 8. 

10 In a particular mibodiment, tihie HDAC inhibitor is a conqKnmd of fixrmula 12 

wherein X, Y, and R are each hydroxyl and both m and n are 5 . 

In one embodiment, ^e. HDAC inhibitor useful in tiie methods of flie present 
invention is represented by the structure of formula 13, or a pharmaceutically acceptable 
salt or hydrate hereof, and a pharmaceutically acceptable carrier or excipient. 

\ s I / 

X II Y 

15 Ri Rz 

(13) 

wherein each of X and Y are independently the same as or different finom each o&er and are 
a hydroxjd, amino or hydroxylamino group, a substituted or unsubstituted aDcyloxy, 
alkylamino, dialk^amino, arylamino, alkylarylamino, alkyloxyamino, aryloxyamino, 
20 allgdoxyalkylamino or aryloxyalkjdamino group; each of Rs and Ri are indepmdently the 
same as or different fiom ^h other and are a hydrogen atom, a hydroxyl group, a 
substituted or unsubstituted alk^ ar^ alk}doxy, or aryloxy group; and each of m, n and o 
are independently the same as or different from each other and are each an integer from 
about 0 to about 8. 

25 In one particular anbodunent of fommla 13, each of X and Y is a hydroxyl group 

and each of Ri and R2 is a msAxyi group. In anoth^ particular embodiment of formula 13, 
each of X and Y is a hydroxyl group, each of Ri and R2 is a methyl group, each of n and o is 
6,aiidmis2. ' 
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10 



Jn one embodiment, the HDAC inhibitor use&l in the methods of the present 
invenlion is represented by flie strocture of formula 14, or a pharmaceaticaUy accqrtable 
salt or hydrate thereof and a phaimaceutically acceptable carrio: or exdpiait 

o ® o o 
(K2C)m 1^ 1 ^ / 1— (CH2)n 

(14) 

vfhet&n each of X and Y are independently the same as or different &om each other and are 
a hydioxyl, amino or hydroxylamino group, a substituted or unsubstituted aDqrloxy, 
alkylamino, dialkylamino, arylamino, alkylarylamino, allqloxyamino, aryloxyamino, 
alkyloxyaDcyiamino or aryloxyalkylammo group; each of Ri and R2 are mdependently the 
same as or different fiom each other and are a hydrogen atom, a hydroxy! groiqp, a 
substituted or unsubstituted alkyl, aryi, alkyloxy, or aryioxy group ; and each of m and n are 
independently the same as or difiereiit from each otha: and are each an integer from about 0 
to about 8. 

In one embodiment, the HDAC inhibitor us^ in the methods of the present 
15 invention is represented by flie structure of formula 15, or a pharmaceutically acceptable 
salt or hydrate thereoi^ and a pharmaceutically acceptable carrier or excipient 

.c ayo\m C ^NH— c (v />— c N 6 ( 



(H2C)ni C ^NH— C ^ 



20 (15) 

wherein each of X and Y are independently tiie same as or diffoent fitom each other and are 
a hydroxy amino or hydroxylamino groi^, a substituted or unsubstituted alkyioxy, 
alkylamixio, dialkylamino, arylamino, alkylarylamino, alkyloTcyamino, arjAoxyamino, 
alkjdoxyalkylamino or aryloxyalkylamino gfoup; and each of m andn are mdq>endently flie 
25 same as or different fiom each other and are each an integ^ fiom about 0 to about 8. 

In one particular embodiment of fommla 15, each of X and Y is a hydroxyl group 
. and each ofm andn is 5. 

In one embodimoit, flie HDAC inhibitor useful m the methods of the present 
invention is represented by the structure of formula 16, or a pharmaceuticany acceptable 
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salt or hydrate thereoj^ and a phaimaceiitically acceptable carrier or exdpient 




(16) 

wherein each of X and Y are independently the same as or difTerent j&om each other and are 
5 a hydroxyl, amino or hydroxylamino group, a substituted or unsubstituted alkyloxy, 
alkylamino, dialkylamino, arylamino» alkjdarylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkylahiino or aryloxyalkylamino group; Ri and Ra are independently the same as or 
different ficom each other and are a hydrog^ atcm, a hydroxyl group, a substituted or 
unsubstituted alk^, arylalkyloxy or aryloxy ffoxsp; and each of m and n are independCTtly 
10 the same as or different from each other and are each an integer from about 0 to about 8. 

In one ^bodiment, the HDAC inhibitor useful in the methods of the present 
invention is represmted by the structure'of formula 17, or a phaimaceiitically acceptable 
salt or hydrate thereof, and a phannaceutically accqptable carrier or ^cipi^t 

If r s 

X C CH (CH2)n CH C Y 

15 (17) 

\dierein each of X an Y are indq>endenay ttie same as or different from each oth^ and are 
a hydroxy^ amino or hydroxylamino ffoixp, a substitated or unsubstituted aOc^oxy^ 
alkylamino, dialkylamino, arylamino, alk^arylamino, or aryloxyalkylamino group; and n is 
an integer from about 0 to about 8. 

20 In one particular embodiment of formula 17, each of X and Y is a hydrox^amino 

group; Ri is a methyl groiq[>» R^ is a hydiog^ atom; and each of m and n is 2. In another 
particular embodimoit of fotmula 17, eadbt of X and Y is a hydroxylamino group; Ri is a 
caifocm)4hydroxylaminogcoiq>,R2isafaydrog^at^ banofliar 
particular embodhnmt of formula 17, each of X and Y is a hydrox^amino groiQ>; each of 

25 Ri and R2 is a fluoro groiq>; and each of m and n is 2. 

In one »ibodiment, the HDAC iiihibitcnr. useful in the methods of the present 
invention is represoited by the structure of formula 18, or a phannaceutically acceptable 
salt or hydrate thereof and a phaimaceutically acceptable cairior or wapieaL 
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< C (CH2)m C {CH2)n i Y 



(18) 

wherein each of X and Y are independently the same as or diGGrarent from each other and are 
a hydroxyl, amino or hydroxylamino group, a substituted or unsubstituted alkyioxy, 

5 alkylamino, dialkylamino, arylamino^ alk^arylamino, alkyloxyamino, aryloxyamino, 
alkyloxyalkyanaino or aiyloxyalkylamino groiq); each of Ri and R2 are independently the 
same as or different from each other and are a hydrogen atom, a hydioxyl group, a 
substituted or unsubstituted alkyi, aryl, alkyloxy, aryloxy, cazfoonylhydroxylamino or fluoro^ 
group; and each of m and n are independently the sanie as or difforent &om each otfier and 

10 are each an integer fiom about 0 to about 8. 

In one embodimmt, the HDAC inhibitor useful in the. methods of the present 
invention is represented by the structure of formula .^19, or a phannaceutically acceptable 
salt or hydrate fhereoi^ and a phannaceutically acceptable carrier or excq>ient. 




15 (19) 

wherein each of Ri and R2 are indqpendently the same as or differmt from each oflier and 
are a hydroxyl, alkyloxy, amino, hydroxjdamino, aDcyiamino, dialkylamino, arylamino, 
alkj^lBrylaniino, alkyloxyanaino, aryloxyamino, alkyloxyalkylamino, or aryloxyalkylainino 
group. la a particular embodiment, the HDAC inhibitor is a compound of structural 

20 fonnuk 19 wherein Ri and R2 are both hydroxylamino. 

In one embodiment, the HDAC inhibitor useful in the methods of the preset 
invention is represented by the structure of formula 20, or a phaimaceutically acc^table 
salt or hydrate thereof and a phannaceutically acceptable carrier or exc^ient 




25 (20) 
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wh^:eiB each of Ri and R2 are independentty the same as or different from each other and 
are a hydroxyl, aOcyloxy, amino, hydroxylamino, alkylamino, dialkylamino, arylamino, 

L 

alkylar^amino, alk^oxyamino, aryloxyamino, alkyloxyalkylamino, or aryloxyaBcylamino 
groiq>. In a particular embodiment, the HDAC inhibitor is a compound of structural formula 

20 Tvherein Ri and R2 are both hydroxylamino. 
In one embodimmt, fhe HDAC inhibitor useful in the methods of the present 

invention is represented by die structure of formula 21, or a pharmaceutically acceptable 
salt or hydrate thereof, and a pharmaceutically acceptable cani^ or excipient 

^ < 

10 ' (21) 

wherem each of Ri and R2 are independenHy the same as or different j&om each other and are. 
a hydroxyl, alkyloxy, amino, hydroxylamino, alkylamino, diallqrlamino, ar^amino, 
alkylarjdamino, alkyloxyamino, aryloxyamino, alkyldxyalkylaiQino, or aryloxyalkylamino 
groiq). 

15 In a particular embodiment, die HDAC inhibitor is a compoimd of structural formula 

21 ^CTetn Ri and R2 are bodi hydrox^amino 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invmtion is rq>res6nted by die stmcture of formula 22, or a pharmaceutically accq>table 
salt or hydrate thereof and a pharmaceutically accq>table carri^ or excipient 

\ / 

(CH2)n C 

20 <y R 

(22) 

wherein R is a phenylamino groiq> substituted widi a cyano, m^ylcyano, nitro, caAoxyly 
aminocatbonyl, me&ylaminocaibonyi, dimediylaminocaibonyiy tiifluotometfayl, 
hydroxylaminocaEbonyL, N-hydroxylaminocaibonyl, metfaoxycaibonyl, ddoro, fboro, 
25 melh^, methoxy, 2,3-difluon>, 2,4-difluaro, 2,5-dijQuoro, 2,6-difuloro, 3,5-difluoro, 2,3,6- 
trifhioro, 2,4,6-trifluoro, 1,23-trifhioro, 3,4,5-trifluaio, 2,3,4,5-tetraftaon), or 2,3,4,5,6- 
pratafluQTo group; and n is an integer fiom 4 to 8. 

la one embodiment, die HDAC inhibitor useful in the mediods of die present 
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inventiGii is Tq>resrate(i by the structure of formula 23 (m-caiboxyciimamic acid 
bishydroxamide - CBHA)» or a phannaceotically acceptable salt or hydrate thereoi^ and a 
phaimaceutically acceptable carrier or exdpient 




NHOH 



(23) 

Jol one embodiment, Ihe HDAC inhibitor nsefifl in tiie methods of the present 
invmtion is rqiresented by the structure of fomnila 24, or a phannaceutically acceptable 
salt or hydrate thereof, and a pharmaceatically acceptable carrier or exdpient 

2=S — ^ — ^ 




10 

(24) 

In one embodiment, the HDAC inhibitor useful in the methods of the present 
invention is rqnresented by the structure of formula 25, or a phaimaceutically acceptable 
salt or hydrate thereof and a pharmaceutically accqytable cairi^.or adpient 

15 

o o 

II 

R C NH (CHrin C ^NHOH 

(25) 

wbmm R is a substituted or unsubstituted phenyl^ pq>eridine, thiazole, 2-pyridine» 3- 
pyridine or 4-pyridine and n is an integer jBxmi about 4 to about 8. 

20 In one partiqular CTbodiment of formnla 25, R is a substituted phenyl group. In 

another particular embodiment of formula 25, R is a substituted phenyl groiq>, vvhero the 
substituent is selected from the groiq) consisting of meth^, cyano, nitro, thio, 
trifiuoromethyi, amino, aminocarbonyl, methylcyano, dUoro, fluoro, bromo, iodo, 2,3- 
difhioro, 2,4-difluoro, 2,5-diftaoro, 3,4-difluoro, 3,5-difluoro, 2,6-difhioro, lA3-trifluoro, 

25 2,3,6-trifluQn>, 2,4,6-trifluoro, 3,4,5-trifhioro, 23,5,6-tetrafluoro, 2,3,4,5,6-pentafluoro, 
azido, hexyi, t-butyl, phrayl, caibo7C)d, hydroxyl, methyloxy, phenyloxy, benzyloxy, 
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phenylaminooxy, phenylaininocaibonyl, methyloxycaibonj^, methylaminDcarbonyl, 
dimethylamino, dimethylaminocaiboiiyl, or hydi»xylaimnocarbofnyi group. 

In another particular embodiment of formula 25, R is a substituted or unsubstituted 
2-pyridine, 3-pyridiiie or 4-pyridine and n is an integer fiom about 4 to about 8. 
5 Jn one embodiment, the HDAC mhflritor useful m the methods of the present, 

invention is represented by the structure of fonnula 26, or a pharmaceutically acceptable 
salt or hydrate thereof and a pharmaceutically acceptable canier or exctpient 




MH (CHdn C NHOH 



10 (26) 

wheiein R is a substituted or unsubstituted phenyl, pyridine, pipaidine, or fluazole group 
and n is an mteger fiom about 4 to about 8 or a pharmaceutically acceptable salt fliereo£ 

Jn a particular embodiment of formula 26, R is a substituted ph^iyl groi^. In 
axK)ther particular embodiment of fi)miula 26, R is a substituted phenyl groiqp, where the 

15 substituent is selected from the group consistmg of m^}^ cyano, nitro, thio, 
trifluoromethyi, amino, aminocarbonyl, methylcyano, chloro, fluoro, bromo, iodo, 23- 
difluoro, 2,4-difhioro, 2,5-difluoro, 3,4-difluoro, 3,5-difluoro, 2,6-difluoro, 1 A3-trifhioro, 
23,6-trifluoro, 2,4,6-trifluoro, 3,4,5-trifluoro, 2,3,5,6-tetrafluoro, 2,3,4,5,6-pentafluoro, 
azido, hex}4, t-butjd. phmyl, carboxyl, hydroxy!, mefliyloxy, phenyloxy, baizyloxy, 

20 phenylaminooxy, phenyiaminocaibonyl, me&yloxycaibonyU mettqdaminocaibonyl, 
dimeOi^amino, dimeH^laminocaibonyl, or hydroxyiaminocaxbonyi group. 

hi anotho: particular embodiment of fonnula 26, R is phenyl and n is 5. hi another 
embodiment, n is 5 and R is 3-GhloropheQ34. 

hi one embodimCTt, the HDAC inhibitor useful in tibe methods of file preset 

25 invention is represented by file structure of formula 27, or a pharmaceutically acceptable 
satt or hydrate thereoi^ and a pharmaceutically accqrtable canier or excipiCTt 




(27) 

v^erein eadi of Ri and Rz is directly attached or tiuou^ a linker and is substituted or 
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imsubstituted, aiyl (e.g., ph«iyl), arylalkyl (e.g., benzyl), nq)htiiyl, cycloalkyl, 
cycloalkylamino, pyridineainino, piperidino, 9-pi]iin6-6-ammo, thiazoleamino, hydroxyl, 
branched or imbranched alkyl, alkenyl, alk^oxy, aiyloxy, arylalkyloxy, pyridyl, or 
quinoliByl or isoquinolinyl; n is an integer from about 3 to about 10 and R^is ahydroxamic 
5 add, hydioxylamino, hydroxy!, anmio, alkyliamino or aOcjdoxy group. The linker can be an 
amide moiety, e.g., 0-, -S-, -NH-, NR5, -CH2-, -(CHaV* -(CH=CH>, phenyl^e, 
cycloalkylene, or any combination thereof wherein B5 is a substitute or unsnbstitiited Ci-Cs 
alkyl. 

In certain embodimmts of formula 27, Ri is -KH-R« wherein R4 is substituted or 
10 unsubstituted, arji (e.g., phoayl), ar^alkyl (e.g., benzyl), naphthyl, cycloalkyl, 
cycloalk^amino, pyridineamino, pipoidino, 9-puiine-6-amino, thiazoleamino, hydroxyl, 
branched or unbranched aD^l, alkenyl, alkyloxy, aryloxy, arylalk^xy, pyiid]d, quinolinyl 
or isoquinolinyl 

hi one embodiment, the HDAC hdnbitor useful in the meOiods of the present 
15 invention is represented by the structure of formula 28, or a pharmaceutically acceptable 
salt or hydrate th^reo^ and a pharmaceutically acceptable carrier or excipient 




R2 



(28) 

wherein each of Ri and R2 is, substituted or unsubstituted, aryl (e.g., phenyl), mykJkyl (e.g., 
20 baazyl), naphth>4, cycloalkyl, cycloalkylamino, pjridineamino, piperidino, 9-pnrine-6- 
amino, thiazoleamino, hydrox>4, branched or unbranched alkyl, alken^ alkyloxy, aryioxy, 
aryialkyloxy, pyridyi, quinolinyl or isoquinolinyl; R3 is hydroxamic acid, hydrox)iamino, 
hydroxyl, amino, alk}damino or alkyloxy groiQ>; R4 is hydrogen, halogen, phenyl or a 
cycloalkyl moiety; and AcanbetfaesameordifGa:entandrq>resentsanamideinoiefy, O-,- 
25 S-, -NH-, NR5, "CBb-, -<CH2)m-, -(CH=CaE[)-, phenylene, cycloalkylene, or any combination 
thereof wherein R5 is a substitute or imsubstituted Ci-Cs aDcyl; and n and m are each an 
integer fiom 3 to 10. 

hi fiirttier particular embodiment corqxHmds having amore specific structure within 
the scope of compounds 27 or 28 are: 
30 hi one embodunent, ttie HDAC inhibitor usefiil in the meOods of the present 
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invention is rqnesented by the structure of foimula 29: 



15 



(29) 

wherein A is an amide moiety, Ri and R2 are each selected firom substituted or unsubstituted 
aryl (e.g., phenyl), arylalkyl (e.g., benzyl), naphlfayl, pyridineamino, 9-puiine-6-amino, 
tiiiazoleamino, aryloxy, aiylalk)4oxy, pyridyl^ quinolinyl or isoquinolinyl; and n is an 
integer j&om 3 to 10. 

For exan:q)le, the compound of formula 29 can have the structure 30 or 3 1 : 





(CH2)|^^^^NH0H 



O 

■o 



^NH 

10 ^R, 

(30) (31) 
wherein Ri, S2, and n have the meanings of formula 29. 

In one embodiment, the HDAC inhibitor usefiil in tiiie methods of flie present 
invention is i^resented by flie structure of formula 32: 




(32) 

wherein R? is selected fiom substituted or unsubstituted ar^ (e.g., phenyl), arylalkyl (e.g., 
benzjd), naphthyl, pyridineamino, 9-purtne-6-amino, fhiazoleamino, ar}ioxy, arylalk^oxy, 
pyridyl, quinolinyl, or isoquinolinyl; n is an integ^ fixmi 3 to 1 0 and Y is selected fiom: 
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Id one embodimeiity flie HDAC inhibitor useful in the methods of the present 
invention is lepresented by Ifae structure of formula 33: 




Y 



(33) 

wherein n is an integer £x>m 3 to 10, Yis selected ftom 




and R?' is selected from 
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r 

CO 



c6 c6 



In one embodimeiit, the HDAC inhibitor useful in the methods of flie present 
invention is represented by the structure of formula 34: 




(CH2)n ^NHOH 



r 



Y 

(34) 

aryl (e.g., phenyl), arylall^l (e.g., benzyl), n^htfayl, pyridineamino, 9-puzine-6-amino, 
thiazoleamino, aryloxy, ar^Lalkjdoxy, pyiidyl, quinolinjd or isoquinolinyl; n is an integ^ 
fiom 3 to 10 and R?' is selected fiom 




c6.o6 



In one embodiment, the HDAC inhibitor useful in the methods of the present 

invention is represented by the structure of formula 35: 

o 

(CH2^ /NHOH 
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20 



(35) 

wherein A is an amide moiety, Ri and R2 are each selected from substituted or unsubstituted 
aiyl (e.g., phenyl), arylalkyl (e.g., benzyl), nq;ihthyl, pyridineamino, 9-purine-6-amino, 
thiazoleamino, aryloxy, aryialkyloxy, pyridyl, quinolinyi or isoquinolinyl; R4 is hydrog^, a 
halogen, a phenyl or a cycloalkyl moiety and n is an integer from 3 to 10. 

For ^anq>le, the compound of fonnula 35 can have the structure 36 or 37: 




HHOH 



O 



HN-^^O 



R2 

(36) (37) 
wherein Ri, R2, R4. and n have' the meanings of formula 35. 
10 In one embodiment, the HDAC inhibitor useful in the methods of tfaie present 

invention is represented by the structure of fonnula 38: 

Q 

JL I. >NHOH 



Ra H^ 

(38) 

i^erein L is a link^ selected fiom Ate ffoup consisdng of an amide moiety, 
15 NR5, -CH2-, -<GH2)nr, -(CH=CH)-, phenylene^ c^clball^ene, or any comfamatian tfiereof 
^vt^ierem Rs is a substitute or unsubstituted Ci-Cs alkyl; and wherein each of R7 and Rb are 
independently a substituted or unsubstituted aiyl (e.g., phenyl), arylalkyl (e.g., benzyl- 
n^hthjd^ pyridineamino, 9-purine-6-aniino, thiazoleamino, aryloxy, arylaOcyloxy, pyridyl, 
quinoKn^ or isoquinolinyl; n is an integ^ fix>m 3 to 1 0 and m is an integer fiom 0*1 0. 



For exanqple, a conqK>und of fonnula 38 can be represented by the structure of 
formula (39): 
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o 




(39) 

OQier HDAC inhibitors suitable for use m the methods of ihe present inventioii 
inchide those shown in the following more specific formulas: 
A conqpound rqiresented by &e structure: 




wherein n is an integer 6om 3 to 10, or an enantiomer thereof. In one particular 
embodiment of formula 40» nF=S. 

A compound rq>resented by the structure: 




(41) 

^eran n is an integer fixnn 3 to 10, or an enantioma: thereof. In one particular 
embodimmt of fomiula 41, if=5. 

A compound rqxresented by the structure: 
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(42) 

^efein n is an integ^ ftom 3 to 10 or an CTantiomer fhereof. In one particular 
embodiment of formula 42, bp=5. 

A compound rqxresented by the structure: 




(43) 

wherein n is an integ^ fiom 3 to 10, or an enantiomo: thereo£ In one particular 
canbodimmt of formula 43» if=5. 

A cQnqx)und represented by the structure: 
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NHOH 



(44) 

wherein n is an integer &om 3 to 1,0 or an enantiomer thereof. In one particular 
embodiment of fonnula 44, n=5. 
5 A compound represented by the structure: 




(45) 

whexein n is an integer fiom 3 to 10, or an aumtiomer thereof. In one particular 
embodiment of formula 45, ii=5. 



(CHdn^ ^NHOH 



10 




(46) 

wherein n is an integer fiom 3 to 10 or an ^lantiomer thereof. In one particular 
embodiment of formula 46, n=5. 
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A compound repteseated by the structure: 




(47) 

' wherein n is an integer firom 3 to 10» or an ^lantiomer thereofl In one particular 
5 embodiment of formula 47, n=S. 

A compound represented by the structure: 




wherein n is an integer- fiom 3 to 10» or an eaantiomer thereof. In <me particular 
10 embodiment of formula 48, ]F»S. 

A compound tcpiescaifsd by the structure: 
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NHOH 



(49) 

"herein n is an integer fiom 3 to 10, or aii enantiomer thereof. Jn one paiicular 
embodiment of fonnula 49, n=5. 
5 A compound represented by the structare: 




(50) 

v^ierdn n is an inte^ fiom 3 to 10, or an enantiomer thereof. Jn one particular 
embodiment of formula 50, n^^. 
10 A compound represCTted by the structure: 




NHOH 



(51) 

whoein n is an integer fiom 3 to 10, or an enantiomer tiiereof. In one particular 
embodiment of jformula 51, if=5. 
1 5 Other examples of such compounds and other HDAC inhibitors can be found in U.S. 
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Patent No. 5,369,108, issued on November 29, 1994, U.S. Patent No. 5,700,811, issued on 
December 23, 1997, U.S. Patrat No. 5,773,474, issued on June 30, 1998, U.S. Patent No. 
5,932,616, issued on August 3, 1999 and U.S. Patent No. 6,511,990, issued January 28, 
2003, all to Breslow et aL; U.S. Patent No. 5,055,608, issued on October 8, 1991, U.S. 
5 Patent No. 5,175,191, issued on December 29, 1992 and U.S. Patent No. 5,608,108, issued 
on March 4, 1997, all to Maiks aal. ;as well as Yosbida, M., et cd., Bioassays 17, 423-430 
(1995); Saito, A., et al., PNAS USA 96, 4592^597, (1999); Furamai, R. et al, PNAS USA 
98 (1), 87-92 (2001); Komatsu, Y., et al. Cancer Res. 61(11), 4459-4466 (2001); Su, GH., 
et al. Cancer Res. 60, 3137-3142 (2000); Lee, BJ. et al. Cmcec Res. 61(3), 931-934; 

10 Suzwki, T., et al.. J.,Med. Chem. 42(15), 3001-3003 (1999); published PCX AppHcation 
WO 01/18171 published on March 15, 2001 to Sloan-Kettering fiistitute for Cancer 
Researdi and The Trustees of Columbia University; published PCX Application 
WO02^46144 to HofiEoiann-La Roche; published PCX Application WO02/22577 to 
Novartis; published PCX Application WO02/30879 to Prohfix; published PCX Applications 

15 WO 01/38322 ^lished May 31, 2001), WO 01/70675 (published on September 27, 2001) 
and WO 00/71703 (published on Novemba- 30, 2000) all to Methylgene, Inc.; published 
PCX Application WO 00/21979 published on October 8, 1999 to Fujisawa Pharmaceutical 
Co., Ltd.; published PCX Application WO 98/40080 pubUshed on March 11, 1998 to 
Beacon Lsiboratories, L.L.C.; and Curtin M. (Current patent status of HDAC inhibitors 

20 E^qtert Opin. Ther. Patents (2002) 12(9): 1375-1384 and references cited therein). 

SAHA or any of tiie olfaer HD ACs can be synthesized according to the meOiods 
outlined in the Exp«im«ital Details Section, or according to the method set forth in U.S. 
Patent Nos. 5,369,108, 5,700,811, 5,932,616 and 6,511,990, the contents of which are 
incorporated by reference in their entirety, or according to any odier method known to a 

25 person skilled in the art 

Specific non-limiting exanq>les of HDAC inhibitors are provided in die Table 
below. It should be noted diat die present invention encompasses any cotrq>ounds vdiich are 
structurally similar to the compounds represented below, and which are capable of 
inhibiting histone deacetylases. 



30 



Name I Structure" 
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MS-275 
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H 1 
H 
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Butyric Acid 


■ 0 - ■ ■ - ■ 


Depadecin 












Oxamflatin 


NHSO^ 




Trichostatin C 


1 





The compounds of the present invention are useful for selectively inducing terminal 
differmtiation, cell growth arrest and/or q)optosis of neoplastic cells and therefore aid in 
treatment of cancer in patients as described in detail herein. 

5 

Chemical DejBnitioas 

An "aliphatic group** is non-aromatic, consists solely of carbon and hydrogen, and 
can optionally contain one or more tmits of unsaturation, e.g.» double and/or tr^le bonds. 
An alq>hatic groi^ can be straight chained, branched or cyclic. When straight chained or 

10 branched, an aUphadc groi^ typically contains between about 1 and about 12 carbon atoms, 
more t)pically between about 1 and abput 6 carbon atoms. When cyclic, an aliphatic groiq) 
typically contains between about 3 and about 10 carbon atoms, more typically between 
about 3 and about 7 carbon atoms. Aliphatic groiq>s are preferably C|-<Ji2 straight chtuned 
or branched alkyl groins (i.e., completely saturated aliphatic grDiq>s), more preferably Cp 

15 Ce straig^ chained or branched aBcyl groi^ys. Exaxnpks include methyl, ethyl, n-piopyl, 
iso-propyl, n-butyl, sec-butyl, and teart-butyL 

An "aromatic group" (also referred to as an "aryl groi]q>") as used herein includes 
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carbocyclic aromatic gcoiq>s» hetraocyclic ananatic groups (also referred to as "heteroaryl") 
and fused polycyclic aromatic ring system as defined herein. 

A ^'carbocyclic aromatic group" is an aromatic ring of 5 to 14 carbons atoms, and 
includes a carbocyclic aromatic grotqp fiised with a S-or 6H3iembared cycloalkyl group such 
S as indan. Exan^les of carbocyclic aromatic groiqps include, but are not limited to, phenyl, 
naphthyl, e.g., 1-naphthyl and 2-n^hdiyl; anthracenyl, e.g., 1-andiracenyl, 2-antfaracenyl; 
pheuanthrenyl; fluorenonyl, e.g., 9-fhiOTenonyL indanyl and the like. A caibocycHc 
aromatic group is optionally substituted with a designated number of substituents, described 
below. 

10 A "heterocyclic aromatic groiq)" (or '*heteroaryl") is a monocyclic, bicyclic or 

tricyclic aromatic ring of 5- to 14-ring atqms of carbon and j&om one to four heteroatoms 
selected from O, N, or S. Examples of heteroaryl include, but are not limited to pyridyl, e.g., 
2-pyridyl (also referred to as a-pyridyl), 3-pyridyi (also refOTed to as p-pyridyl) and 4- 
pyridyl (also referred to as (y-pyridyl); thienyl, e.g., 2-thienyl and 3-ftiaiyl; furanyi, e.g., 2- 

15 fiiranyl and 3-furanyl; pyrimidyl, e.g., 2-pyriinidyl and 4-pyrimidyl; imidazoljd, e.g., 2- 
imidazolyl; pyranyl, e.g., 2-pyranyl and 3-pyranyl; pyrazolyl, e.g., 4.pyrazolyl and 5- 
pyrazolyl; thiazolyl, e.g., 2-tbiazolyl, 4-thiazolyl and 5-diiazolyl; thiadiazolyl; isothiazolyl; 
oxazolyl, e.g., 2-oxazoyl, 4-oxazoyl and 5-oxazoyl; isoxazoyl; pyrrolyl; pyridazinyl; 
pyrazinyl and the like. Heterocyclic aromatic (or hetCToaryl) as defined above may be 

20 optionally substituted with a designated number of substitumts, as described below for 
aromatic grovps. 

A "fesed polycyclic aromatic" ring system is a carbocyclic aromatic group or 
heteroaryl fiised with one or more other heteroaryl or nonaromadc heterocyclic ring. 
Exanq)les include, quinohnyl and isoquinolinyl, e.g., 2Hqumolinyl, 3-<pnnohn)d, 4- 

25 quinolinyl, 5-quinolinyl, 6-quinolinyl, 7-quinolinyl and 8-quinolinyi, 1-isoquinolinyl, 3- 
quinolinjl, 4>isoquinolinyl, 5-isoquinolinyl, e-isoquinolinyl, 7-isoquinolinyl and 8- 
isoquinolinyl; benzofuranyl, e.g., 2-benzofi3ranyl and 3-benzofiiranyl;'diben2X)finanyI, e.g., 
2,3-dihydrobenzofuranyl; dibenzotfaiophen;^; benzothienyl, e.g., 2-benzothienyl and 3- 
benzothienyl; indolyl, e.g., 2-indolyl and 3-indolyl; beozothiazol;^ e.g., 2-benzoffaiazolyl; 

30 benzooxazolyl, e.g., 2-b6nzooxazolyl; benzimidazolyl, e.g., 2*benzoimidazolyl; isoindolyl, 
e.g., 1-isoindolyl and 3-isoindolyi; benzotriazofyl; purinyl; thianq>hthenyl and the like. 
Fused polycyclic aromatic ring systems may optionally be substituted with a designated 
number of substituents, as described her^ 



47 



wo 2005/018578 



PCT/US2004/027943 



An "aialkyl group'* (arylaH^I) is an alkyi groi^ substituted with an aromatic groi^^ 
preferably a phenyl group. A preferred arallcyl groiqp is a benzyl groiqp. Suitable aromatic 
groups are described h^rdn and suitable alkyl groups are described herdn. Suitable 
substituents for an aralkyl groiq> are described herein. 
5 An "aryloxy group" is an aryl groi^ that is attached to a compound via an oxygen 

(e.g.,ph9ioxy). 

An ^alkoxy group'^Calkyloxy), as used hereni, is a straight chain or branched C1-C12 
or cyclic Cz-Cu alkyl group that is connected to a compound via an oxygen atom. 
Examples of alkoxy groups include but are not limited to methoxy, eOioxy, and propoxy. 

10 An ''arylalkoxy groi:qp" (arylalkyloxy) is an aiylalkyl group that is attached to a 

conqK)und via an oxygen on the alkyl portion of the aiTlalkyi (e.g., phenyhnettioxy). 

An *^aiylamino groiq>'* as used hoein, is an- aryl gfovp that is attached to a 
compound via a nitrogen. 

As used herein, an "^arylall^lamino gjKnsp^ is an aiylalkyl group tbat is attached to a 

15 compound via a nitrogen on the alk^ portion of the arylalkyl. 

As used herem, many moieties or groins are referred to as being dHner "substituted 
or unsubstitated". When a moiety is referred to as substituted, it denotes fiiat any , portion of 
flie moiety that is known to one skilled in the art as being available for substitution can be 
substituted. For example, the substitotable group can be a hydrogen atom that is replaced 

20 wifii a groiq> other dian hydxogsa (Le., a substituent group). Multiple sid>stituent groups can 
be present. When multiple substituents are present, the substituents can be the same or 
differmxt and substitution can be at any of the sgbstitutable sites. Such means for 
substitution are well known in flie art For purposes of exmqplification, which should not 
be constmed as limiting the scope of ibis invention, some examples of groiq>s diat nt^ 

25 substituents are: alk^ groins (wMch can also be siA 

such as CF3), alkoxy groups (which can be substituted, such as OCF3), a halogm or halo 
group (F, Ca, Br, I), hydroxy, nitro, 0x0, -COH, -CX)OH, amino, azido, N-alkylamino 
or N J^-dialkylamino (in yMdi the allqd gjovips can also be substituted), esters (-C(0)-OR. 
where R can be a group such as alkyl, aiyl, etc., wbidx can be substituted), aryl (most 

30 preferred is phenjd, ^ch can be substitute^Q, arylallQd (\fdiich can be substituted) and 
aryioxy. 

Stereochemistry 
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Many organic compounds exist in optically active fonns having the ability to rotate 
the plane of plane-polarized light hi describing an optically active canq)oundy the prefixes 
D and L or R and S are used to denote tiie absolute configuration of tibe molecule about its 
chiral center(s). The prefixes d and 1 or (+) and (-) are enq)loyed to designate the sign of 
S rotation of plane-polarized light by the conq>ound, with (-) or meaning that the compound is 
levorotatory. A conq>ound prefixed with (+) or d is dextrorotatory. For a given chemical 
structure, these con:q)ounds» called stereoisomers, are identical except that they are non- 
siperimposable mirror images of one another. 

A specific stereoisomer can also be referred to as an enantiom^, and a mixture of 

10 such isomers is often called an enantiomeric mixture. A 50:50 mixture of enandomm is 
referred to as a racemic nubcture. Many of the conq)ounds described herein can have one or 
mone chiral centers and thmfore can exist in different enantiomeric forms. If desired, a 
chiral carbon can be designated with an asterisk C**). When bonds to the chiral carbon are 
dq>icted as straight lines in the formulas of the invention, it is understood that bofli the (R) 

15 and (S) configurations of the chiral carbon, and hence both enanticnners and mixtures 
thereof are embraced within the formula. As is used in the art, when it is deshed to specify 
the absolute configuration about a chiral carbon, one of the bonds to the chiral carbon can 
be-depicted as a wedge (bonds to atoms above the plane) and the other can be depicted as a 
series or wedge of short parallel lines is (bonds to atoms below the plane). The Cahn- 

20 Ihglod-Prelog system can be used to assign the (R) or (S) configuration to a chiral carboiL 

When ftxe HD AC inhibitors of the present invention contain one chiral center, tfie 
compamds exist in two enantiomeric forms, and the present invaition includes both 
enantiomers and mixtures of enantiomers, such as flie specific 50:50 mixture referred to as a 
racemic mixtures. The eoantiomGcs can be resolved by methods known to those skilled in 

25 file ait, for example by formation of diastereoisomeric salts which may be separated, for 
exanq>le, by crystallization (see, CRC Handbook of Optical Resohitions via Diasteroomeric 
Salt Formafion by David KQ2ana (CRC Press, 2001)); formation of diastereoisomeric 
derivatives or coiqplexes which may be sqparated, for example, by crystallization^ gas- 
liquid or liquid chromatography selective reaction of one enantiomer with an »antiomer* 

30 spedfic reagent, for example enzymatic esterification; or gas-liquid or liquid 
dnomalogr^hy in a chiral enviroimieot, for exanq>le on a chiral support fin- essamsple silica 
with a bound chiral ligand or m the presence of a chir^ solvent It will be appreciated that 
where the desired enantiomer is converted into another chemical entity by one of the 
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separation procedures described above, a finther step is required to liberate the desired 
enantiomaric form. Alternatively, specific aiantiomets may be synlliesized by asymmetric 
synftiesis using optically active reacts, substrates, catalysts, or solvents, or by converting 
one enantiomer into the other by asymmetric transformation. 
5 Designation of a specific absolute configuration at'a chiral carbon of the compounds 

of iho invention is understood to mean that the designated enantiomeric form of the 
compounds is in enantiomeric excess (ee) or in other words is substantially firee fimn the 
other enantiomer. For exaniple, the forms of the compounds are substantially free fiom 
the "S" forms of the confounds and are, thus, in oiantiomeric excess of the "S" fi>rms. 

10 Conversely, "S" forms of the conq)ounds are substantially fitse of Tl" forms of the 
compounds and are, thus, in enantiomeric excess of tiie "R" fonns. Enantiomeric excess, as 
used h^:ein, is the presence of a particular enantiomer at greater than 50%. For exanq>le, 
the enantiomeric excess can be about 60% or more, such as about 70% or more, for example 
about 80% or mor^ such as about 90% or more. In a particular «nbodiment when a 

15 specific absohite configuration is designated, the enantiomeric excess of depicted 
compounds is at least about 90%. In a more particular embodiment, die enantiomeric 
excess of the conq)ounds is at least about 95%, such as at least about 97.5%, for exmxplo, at 
least 99% enantiomeric excess. 

When a compound of the present invention has two or more chiral carbons it can 

20 have more than two optical isomeis and can exist in diastereoisomeric forms. For example, 
when there are two chiral cadxms, the conq)Ound can have iq> to 4 optica] isomers and 2 
pairs of enantiomers ((S,Sy(RJR) and (R,S)/(S,R)). The pairs of enantiomers (e.g., 
(S,S)/(RJt)) are mirror image stereoisomers of one another. The stereoisomers that are not 
minor-images (e.g., (S,S) and (RJS)) are diastereomers. The diastereoisomeric pairs may be 

25 sqparated by me&ods known to those skilled in the art, for example chromatogr^hy or 
ciystallization and the individual raantiomers within each pair may be separated as 
desoibed above. The present invention includes each diastereoisomer of such corqx}unds 
and mbctores thereof 

As used herein, "a," an" and "the" include singular and plural referents unless the 
30 context cleariy dictates otherwise. Thus, for example, reference to "an active agent" or "a 
pharmacologically active agent" includes a single active ageat as well a two or more 
diflFerent active agents in combination, reference to "a carrim:" inckides mixtures of two or 
more carriers as well as a auigle carrier, and the like. 
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This invention is also intended to encompass pro-drags of the HDAC inhibitors 
disclosed herein. A prodrug of any of the con^imds can be made using well known 
phannacological techniques. 

This invention, in addition to the above listed compounds^ is intended to enconipass 
5 the use of homologs and analogs of such compounds, hi tibds context, homology are- 
molecules having substantial structural similarities to the above-described compounds and 
analogs are molecules having substantial biological similarities regardless of structural 
similarities. 

The invention also encompasses pharmaceutical conq>ositions comprising 
10 phannaceutically acceptable salts of the HDAC inhibitxns with organic and inorganic adds, 
for .exanq>le, add addition salts which may, for example, be hydrodiloric arid, sulphuric 
acid, ^ethanesulphonic add, fumaric acid, maldc acid, succinic add, acetic add, benzoic: 
add, oxalic add, citric acid, tartaric add, caibonic add, pho^horic add and the like. 
Phannaceutically acceptable salts, can also be prepared fixrai by treatment wilii inorganic 
15 bases, for example, sodium, potassium, ammonium, caldum, or ferric hydroxides, and such 
organic bases as isopropylamine, trimediylamine, 2-ethyiamino ethanol, histidine, procaine, 
and the like. 

The invention also mcompasses pharmaceutical compositions comprising hydrates 
of the HDAC inhibitors. Hie term "hydrate*' includes but is not limited to hemihydrate, 
20 monohydrate, dihydrate, trihydrate, and the like. 

This invention also encompasses pharmaceutical compositions comprising any solid 
or liquid physical form of SAHA or any of the other HDAC inhibitors. For example. The 
HDAC inhibitors can be in a crystalline form, m amorphous form, and have any particle « 
si2e. The HDAC mhibitor particles may be micronized, or may be aggjlomerated, 
25 particulate graimles, powdeis, oils, oily suspensions, or any other form of solid or liquid 
physical form. 

Therapeatic Uses of H? >Ar! Tnhihitors 
1. Treatment of Cancer 
30 As demonstrated herein, the HDAC inhibitors of the i»:esent invrntion are useful for 

the treatment of cancer. Accordingly, in one embodiment, the invention relates to a method 
of treatiDg cancer in a subject in need of treatment conqxrising administering to said subject 
a th^rspeutically effective amount of a histone deacetylase inhibitor described herein. 
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The tenn "cancer" refers to any cancer caused by the proliferation of neoplastic 
cells, such as solid tumors, nec^lasms, carcinomas, sarcomas, leukemias, mesotheliomas, 
lyntphomas and the like. For. example, cancers include, but are not limited to: 
mesotheliomas such as pleural mesothelioma, peritoneal mesothelioma, and benign fibrous 

5 mesotfadioma; leukeanias, including acute leukemias and chronic leukemias such as acute 
lymphocytic leukemia (ALL), acute nonlyn^hocytic leukemia, acute myeloid leukemia 
(AML), chronic lymphocytic leukemia (CLL), chronic myelogenous leukemia (CML) and 
hairy cell leukemia; lynq>homas such as cutaneous T-cell lynqphomas (CTCL), 
noncutaneous. peripheral T-cell lymphomas, lynq>homas associated with human T-cell 

10 lynq>hotrophic virus (HTLV) such as adult T-cell leukemiaAynq>honuL (ATLL), Hodgkin's 
disease and .non-Hodg^'s lyrnphomas, large-cdl lyaq)homas, difiiise large B-cell 
lymphoma (DLBCL); Burkitt's lymphoma; primary central nervous system (CNS); 
lympho^u^ multiple myeloma; childhood solid tumors such as brain tumors, neuroblastoma, 
retinoblastoma, Wilm's tumor, bone tumors, and soft-tissue sarcomas,, common solid 

IS tumors of adults such as head and neck cancm (e.g., oral, laryngeal and esq[>hageal)^ gaaXo 
urinary panc^ (e.g., prostate, bladder, renal, uterine, ovarian, testicular, rectal and colon), 
lung canc^, breast cancer, pancreatic cancer, melanoma and other skin cancers, stomach 
cancer, brain tumors, liv^ cancer and thyroid cancer. 

20 1. Treatment of MesoflieKoinaan HT.yinphnmft 

As demonstrated herein, the HDAC irihibitors are useful for the treatment of 
mesothelioma and various forms of lyaq>homa, including dififose large B-cell lymphoma 
pLB(X). 

There are various types of mesotiielioma. Pleural and peritoneal (malignant) 
25 mesotheliomas involve tumors of mesothelial tissue associated with asbestos exposure. 
Histologically, these tumors are conqposed of epifhdoid, sarcomatoid, or fibrous, or mixed 
cell types (also called biphasic type). Boaign fibrous mesofhelioma is a rare solid tumor of 
flie pleura that produces diest pain, dyi^nea, fever, and hypertrophic osteoartfarqpafhy. 

One staging system used for mesotiielioma is the Butchart systCTi. This system is 
30 based mainly on tiie extent of fte primary malignant tumor mass, and divides 
mesotiieUomas into stages ! throu^ IV. 

St^ I: Mesothelioma is present on one side of the diest only and isn't growing into the 
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chest wall. 

Stage S: Mesothelioma invades the chest wall or involves the esophagus (food passage 
connecting the throat to the stomach), heart, or has grown into the plaura on the other side 
of the chest. The lyniph nodes in ttie chest may also be involved. 

Stage m: Mesothelioma has grown through the diq>hragm into the peritoneum (lining of the 

abdominal cavity) or has spread to lymph nodes beyond those in the chest 

Stage IV: Mesottxelioma has spread fbiongh &e bloodstream to other organs (metastases). 

Another sta^g system has recently been developed by the hitemational . 
Mesothelioma Interest Group. In this syspem, information about the tumor, lyniph nodes, 
and metastasis is combined in a process called stage grotqping. 

Stage I: Disease confined within the capsule of the parietal pleura: ipsilat^ral pleura, hmg, 
pericardium, and disq)hragm. 

Stage It All of stage I with positive intiatlio|Su;ic (Nl or I^) lynq>h nodes. 

Stage m: Local ex:tension of disease into the following: chest waU or mediastinum; heart or 

through the diaphragm, peritoneum; with or without extrathoracic or contralateral (N3) 

lymph node involvement. 

Stage IV: Distant metastatic disease. 

5 

There are many diffiarent types of lynq>hoina» and they can be divided into two 
categories: Hodgjdn's disease (HD) and non-Hod^dn's lynq[>homa (NHL). The major 
dififa:ence between the two is the type of cells involved. 

There are two mam types of lynqihocytes: Bnsells and T-cells. Most lymphocytes 
10 start growing in the bone marrow. The B-cells continue to develop in the bone marrow, 
wheisas the T-cells go fiom the bone marrow to flie thymus gland and mature tfam. Once 
they are mature, bofli Bh^cUs and T-cells he^ the body fi^t infections: 

There are more than 20 dififerent types of non-Hodgkin's lynq)homa. Difiuse large 
B-cell lynq>homa is a common type, making.19 about 40% of all cases. Jt is a cancer of the 
15 B-lymphocytes. Dififiise B-cell lymphoma can occur at any time fiom adolescence to old 
age. It is slightly more common in men than women. A large-cell lynsphomsi is a 
lymphoma that is characterized by imusually large cells. 

Both Hodgldn's disease NHL are classified by the same categories of stages. Most 
lymphomas in HIV-positive people involve B-cells, as opposed to T-cells. 
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The stage.of the lymphoma is very mq)ortant and can help determine prognosis and 
the course of treatment. The four stages are: 



Stage I: Theire is one cancer site. No bone marrow involvemmt. 

Stage E: There are two sites; botih are either above or below the diaphragm. No bone 
marrow involvement. 



Stage ni: There are sites above and below the diaphragm. No bone marrow involvement 



Stage IV: The bone marrow is affected or Hie cancer cells have spread outside fhe lymphatic 
system. 



In Hodgkm's disease, stagmg is fivther classified as follows: 



Hodgkini's Disease Classifications 
B: the presence of fevor, wei^t loss or night sweats 



A: the absence of fever, weight loss or night sweats 
E: the disease has spread to orgians outside the lynq>h system 



Grading 

For practical purposes non-Hodgkin's lymphomas are also divided into one of two 
groiq>s: low and high grade. Low-grade l)^homas are usually slowly growing and high- 
grade lymphomas tend to grow more quicldy. Diffuse largp B-celi lymphoma is a higih- 

10 grade lymphoma. 

As contetDplated hefein, the HDAC inhibitors of the present invention are useM at 
treating all of fhe stages of mesothelioma awHymphoma, i.e., stages 1, 11, m and IV stated 
above, as well as stages A, B and£ of HD. Jn addition, fhe HDAC inhibitors are usefiil at 
treating low and higji grade tynq>homa8. 

15 As demonstrated h^ein, the HDAC inhibitors of the present invention are 

particularly usefiil at treating mesothelioma and diffuse large B-cell lymphoma (DLBCL). 



3, OthernsesofHDACfahihftnrs 

HDAC inhibitors are effective at treating a broader range of diseases characterized 
20 by the proliferation of neoplastic diseases, such as any one of the canc^ described 
hCTeniatbove. However, the therapeutic utility of HDAC inhibitors is not limited to fhe 
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treatment of cancor. Raflier, &ere is a wide range of diseases for which HD AC inhibitors 
have been found useftil. 

For example, HDAC inhibUois, in particular SAHA. have been found to be use&l in 
the treatment of a variety of acute and chronic inflammatory diseases, autoinmmne diseases, 

5 aUergic diseases, diseases associated with oxidative stress, and diseases diaracterized by 
cellular hypeipioliferation. Non-limiting exair?»les are inflammatory conditions of a jomt 
including and Aeumatoid artoitis (RA) and psoriatic arthritis; inflammatory bowel diseases 
such as Crohn's disease and idcarative colitis; qKHidyloarlhropaflries; scleroderma; psoriasis 
(including T-ceU mediated psoriasis) and inflammatoiy domatoses such an demiatitis, 

0 ecaiema, atopic deraiaiitis, allogic contact domatitis, urticaria; vasculitis (e.g., neootizing, 
cutaneous, and hypersensitivity vasculitis); . eosii5>hilic myoatis, eosmq>hi]ic fesciitis; 
cancers with leukocyte hjfiltration of the skin at organs, isdiemic injury, mchiding coebial 
ischemia (e.g., brain injury as a result of trauma, ^ilepsy, hraiorriiage <x stroke, each of - 
which may lead to neurodegeneration); HIV, heart Mme, chronic, acute or malignant liver 

15 disease, autoimmune tiiyroiditis; systanic lupus erythematosus, Sjogren's syndrome, lung 
diseases (e.g., ARDS); acute pancreatitis; amyotrophic lateral sclerosis (ALS); Alzheimer's 
disease; cachexia/anorexia; asthma atherosclerosis chronic fetigue syndrome, fev«-, 
diabetes (e.g., insulin diabetes or juvenile onset diabetes); gIomenilonq)hritis; graft versus 
host rqection (e.g., in transplantation); hemohorragic shock; hypCTalgesia: inflammatory 

20 bowel disease; mnltiple sclerosis; myopathies (e.g., muscle protein metabolism, csp. in 
sepsis); osteoporosis; Paridnsorfs disease; pain; pre-tenn labor, psoriasis; rq[>erfu8iQn 
injury; cytoldne-induced toxicity (e.g., septid shodc, endotoxic shock); side effects fiom 
radiation therapy, tenqwral mandibular joint disease, tumor metastasis; or an inflamm atoiy 
condition resulting ftom strain, sprain, cartilage damage, trauma such as bum, orthopedic 

25 surgery, infection or other disease processes. Allergic diseases and conditions, inchide but 
are not limited to respiratory allergic diseases such as asthma, allergic rhinitis, 
hypersensitivity lung diseases, hypersensitivity pneumonitis, eosinophilic pneumonias (e.g., 
Loeffler's syndrome, chronic eosinophilic pneumonia), delayed-type hypersensitivity, 
interstitial lung diseases (ELD) (e.g., idiopathic pulmonary fibrosis, or ILD associated wift 

30 rheumatoid arthritis, systanic Ivpus erythonatosus, ankylosing spondj^tis, systemic 
sclerosis, Sjogren's syndrome, polymyositis or dermatomyositisX systemic anaphjdaxis or 
hypersaisitivity responses, drug allergies (e.g., to penicillin, cephalosporins), insect sting 
allergies, and the like. 
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For exanqple, HDAC inhibitors, and in particular SAEIA, have been found to be 
useful in fhe treatment of a variety of neurodegenerative diseases, a non-exhaustive list of 
which is: 

^ L Disorders characterized by progressive demenlia in the absence of oth^ 

5 prominent neurologic signs, such as Alzheimer's disease; Senile dementia of the Alzheimer 
type; and Pick's disease (lobar atrophy). 

n. Syndromes combining progressive dementia with other pcomineiit 
neurologic abnormalities such as A) syndromes appeasing mainly in adults (e.g., 
Huntington's disease. Multiple sys^bem atrophy combining demratia widi ataxia and/or 
10 manifestations of Parkinson's disease. Progressive supranuclear palsy (Steel-RichardsoiSr 
Olszewski), difiuse Lewy body disease, and c(»ticodentatonigial degeneration); and B) 
syndromes sqppearing mainly in children or young adults (e.g., 'Hallervorden-Spatz disease 
and progressive &milial myoclonic q)ilq>sy). 

m. ' . Syndromes of gradually developing aibnormatities of posture and movement 
IS such as paralysis agitans (Parkinson's disease), striatonigral degeneration, progressive 
siqxranuclear palsy, torsion dystonia (torsion spasm; dystonia musculorum deformans), 
spasmodic torticollis and oth^ dyskinesia, fimilial tremor, and Gilles de la Tourette 
syndrome. 

IV. Syndromes of progressive ataxia such as ceaxbcUar degeneiiations (e.g., 
20 cerebellar cortical degenaaticna and olivopontocerebellar atrophy ^OPCA)); and 

spinocerebellar degeneration (Friedreich's atazia and related disorders). 

V. Syndrome of cential autonomic novous system failure (Shy-Drager 
syndrome). 

VI. Syndromes of muscular weakness and wasting witfiout sensory changes 
25 (motomeunm disease such as amyotrophic lateral scleroas^ qnnal muscular atrophy (6.g., 

infimtile spinal muscular atrophy (Werdnig-Hofifinan), juvenile spinal muscular atrophy 
(Wbhl&rt-Kugelberg-Welander) and other forms of familial spinal muscular atrophy), 
primary lateral sclearosis, and hereditary spastic paraplegia. 

Vn. Syndromes combining muscular weakness and wasting with sensory changes 
30 ^xrogresdve neural muscular atrophy; chronic &milial polyneuropathies) such as peroneal 
muscular atn^hy (Charoot-Maiie-Tooth), hypertrophic interstitial polyneuropathy 
(Dqerine-Sottas), and miscellaneous forms of chronic progressive neuropathy^ 

VnL Syndromes of progressive visual loss such as pigmmtary degmeration of the 
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retina (retinitis pigmentosa), and hereditary opftic atrophy (Leber's disease). 

r 

Combfaiation therapy 

The methods of the presait invention may also comprise initially administering to 
5 the subject an antitumor ag«it so as to render the neoplastic cells in tiie subject resistant to 
an antitumOT agent and subsequentty admmistering an effective amount of any of the 
compositions of tiie present invention, effective to selectively induce teraunal 
diflferaitiation, cell growth arrest and/or apoptosis of such cells, or to treat cancer or provide 
chemoprevention. 

10 The antitumor a^ may be one of numerous chemotherqiy agents such as an. 

alkylating agent, an antimetabolite, a homional agrait, an antibiotic, colchidne, a .vinca 
alkaloid, L-asparagmase, procaAazme, hydroxyurea, mitotane, nitrosoureas, or an 
unidazole caiboxamide. Suitable agents are those agmts that promote depolarization of 
tubulin- Prefe^ly die antitumor agrait is eolchicine or a vinca alkaloid; especially 

15 prefened are vinblastine and vincristine, hi embodunents where the antitumor ag^nt is 
vmcristine, tiie cells preferably are treated so that fliey are resistant to vmcristine at a 
concentration of about 5 mg/mL The treating of die cells to render them resistant to an 
antitumor agent maybe effected by contacting the cells with tiie agent for a period of at 
least 3 to 5 days. The contacting oftheresdtmg cells with any of die conqH>undsa^ 

20 paformed as described previously, hi addition to the above chemotiier^y agents, flie 
compounds may also be adnumstered together with radiation tiier^y . 

Dosages and Dosage Schedules 

The dosage regimoi utilizing die HDAC inhibitors can be selected m accordance 

25 with a variety of factors uichiding type, species, age, wei^t, sex aid the type of cancer 
being treated; the severity (i.e., stage) of die canc^ to be treated; ftie route of 
administration; the rraal and hepatic function of the patient; and the particular confound or 
salt thereof employed An ordinarily skilled physician or veterinarian can readily determine 
and prescribe the effective amount of the drug required to treat, for exanqple, to prevent, 

30 inhibit (fiiUy or partially) or arrest the progress of the disease. 

Suitable dosages are total daily dosage of between about 25-4000 mg/m 
administered orally once-daily, twice-daily or tiiree times-daily, continuous (every day) or 
intermittentiy (e.g., 3-5 days a week). For example, SAHA or any one of flie HDAC 
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inhibitois can be admmistered in a total dafly dose of up to 800 mg. The HDAC inhibitor 
can be administered once daily (QD), or divided into mult^le daily doses such as twice 
daily (BID), and three times daily (JTD). The HDAC inhibitor can be administered at a 
total daily dosage of up to 800 mg, e.g., 150 mg, 200 mg, 300 mg, 400 mg, 600 mg or 800 
mg, whidi can be admhustoed in one daily dose or can be divided into multiple daify doses 
as described above. Preferably, the administration is oraL 

In one embodiment, tbs conq)osition is administered once daily at a dose of aboirt 
200-600 mg. In anodier embodiment, the composition is administoed twice daity at a dose 
of about 200-400 mg. In anoflwr embodiment, the omqiosition is administeared twice daily 
at a dose of about 20^400 mg intermittently, for example ttaee, four, or five days per week. 
In 'anodier embodiment the compositiQn is administaed dnree tunes daily at a dose of about 
100-250 mg. 

In one embodimenl; toe daily dose ia 200 mg, wMdi can be adnunistered wice-daily, 
twiceslaily, or thre&times daily. In one embodimart, the daily dose is 300 mg, ivhich can 
be administered once-daUy, twice-daily, or three-times daily. In one onbodiment, the daily 
dose is 400 mg,whidi can be administered once-daily or twice-daily. In one embodmient, 
the daily dose is 150 mg, whidi can be^ administered twice-daily or three^imes daily. 

In addition. Hit administraticai can be continuous, Le., eveiy day, or intexmittently. 
• The temM 'Intennittent" or 'intemrittently" as used herein means s^^ 
either regular or irregular intervals. For example, intennittent administration of an HDAG. . 
inhibitor may be administiation one to sfac days per week or it may mean administration in 
cycles (e.g., daily adnunistration for two to ei^ omsecnttve weeks, then a rest poiod wifli 
no administtation finriQ) to one week) or it may mean adnmustration on altemate days. 

SAHA or any of the HDAC intaTrftoni can be administered to flie patiert at a totd^ 
daify dosage between 25-4000 mg^l 

A cmrenfly prefeoed treatment protocol con^iises ccmtmuous administration (i.e., 
every day), once, twic^ or three tunes daily at a total daily dose in (he range of about 200 
mg to about 600 mg. 

Another currently prefered treatment protocol comprises intermittent administration 

of between three to five days a week, once, twice or three times daUy at a total daily dose in 
the range of about 200 mg to about 600 mg. 

In one particnhr embodiment, the HDAC inhibitor is administered continuously 
once daily at a dose of 400 mg or twice datty at a dose of 200 mg. 
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In anottier particular embodiment, the HDAC inhibitor is administered intermittently 
three days a week, once daily at a dose of 400 mg or twice daily at a dose of 200 mg. 

In another particular embodiment, the HDAC inhibitor is administ^ intermittently 
four days a week, once daily at a dose of 400 mg or twice daily at a dose of 200 mg. 
5 In anoflier particular embodimait, the HDAC inhibitor is adnnnistered inlOTnittently 

five days a week, once daily at a dose of 400mg or twice daily at a dose of 200 mg. 

In one particular raibodiment, the HDAC nihibitor is administ^ conlimiously 
once daily at a dose of 600 mg, twice daily at a dose of 300 mg, or fliiee times daily at a 

dose of 200 mg. 

10 In another particular embodimrat, the HDAC infaibitQr is administCTed intennxttently 

three days a wedc, once daily at adose of 600 mg, twice daily at a dose of 300 mg, or fliree 
times daily at a dose of 200 mg. 

In another particular embodimmt, the HDAC inhibitor is administered intermittently 
four days a week, once daily at a dose of 600 mg, twice daily at adose of 300 mg, ot three 
15 times daily at a dose of 200 mg. 

In anotiier particular embodiment, the HDAC mhibitor is administered intermittently 
five days a week, once daily at a dose of 600 mg, twice daily at a dose of 300 mg, or fliree 
times daily at a dose of 200 mg. 

In addition, the HDAC inhibitor may be administeied according to any of the 
20 sdiedules described above, consecutively for a few wedks, followed by a rest period. For 
example, tiie HDAC inhibitor may be administered according to any one of the schedules 
described above from two to we^ followed by a rest pmod of one week, or twice 
daily at a dose of300mg for three to five days a week, hi another particular embodimOTt, 
the HDAC inhibitor is administered three tunes daily for two consecutive weeks, followed 
25 by one week of rest 

It should be apparent to a person ddlled m flie art that tfie various dosage and 
dosing schedules described herem merely set fortti spedfic embodiments and should not be 
construed as limiting the broad scope of the invention. Any penmitations, variations, and 
combinations of the dosages and dosing schedules are included within the scope of ttie 
30 present inventiotL 

The present invention provides a safe, daily dosing regimen of these formulations^ 
which is easy to follow and to adhere to. The formulations of the present invention are 
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fheiefore useful for selectively inducing teaninal differentiatiQii, cell growtb anrest, and/or 
s^optosis of neoplastic cells and therefore aid in treatment of tumors in patients. 

Pharmacentlcal compostflons 
5 The compounds of &e invention, and d^viEdves» fo^^ients, analogs, homologs 

phannaceutically accq)table salts or hydrate thereof cm be incorporated into 
phaxmaceutical conq)ositions suitable for oral administration, together with a 
phaimaceatically accq>table canier or excipient Such conqx)sitions typically conqxrise a 
ther^eutically efifective amount of any of the conqxnmds above, and a phannaceutically 

10 acceptable carrier. Preferably, tiie efiEective amount is an amount effective to selectively 
induce tenninal differentiatian of suitable neoplastic cells and less tiian an amount which 
causes toxicity in a patient 

The cornpositions of tiie present inviention may be formulated in any unit dosage 
form (liquid or solid) suited for oral administration, for «ample, in the form of a peilet, a 

15 tablet, a coated tablet, a csqpsule, a gelatin cipsule, a solution, a susp^ision, or a dispezsion. 
In a cuirenfly preforod embodiment, the contposition is in the form of a gelatin cs^sule. 

Any inot excipient that is commonly used as a carrier or dibient may be used in the 
formulations of the present invention, such as for example, a gum, a starch, a sugar, a 
cellulodc material, an acrylate, or mixtures fliereof A preferred diluent is rmcxocrystalline 

20 cellulose. The comj^sitions may fyafSasr comprise a disintegrating agent (e.g., 
croscarmellose sodium) and a lubricant (e;g., magnesium stearate), and in addition ntiay 
comprise one or more additives selected fiom a binder, a buffer, a protease inhibitor, a 
surfittlant, a sohibilizing agent, a plastidzer, an enuiMfier, a stabilizing agen^ a viscosity 
increasing agent, a sweetener, a film forming agent, or any combination thereof. 

25 Furthermore, the compositions of the present invention may be in Ihe fcmx of confiolled 
release or immediate release fonnulations. 

One embodiment is a phaxmaceutical composition for oral administration cmnprising 
a HDAC mhibitor or a phannaceutically accqrtable salt or hydrate thereoi^ microcrystalline 
cellulose, croscarmellose sodium and magnesium stearate. Another mibodimmt has SAHA 

30 as Ifae HDAC iiihibitor. Ano&er embodiment conqmses 50^70% by weig^ of a HDAC 
inhibitor or a phannaceutically accq>table salt or hydrate thereof 20-40% by weight 
microGrystalline cellulose, 5-15% by wdi^t croscarmellose sodium and 0.1-5% by weigbt 
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magnesium stearate. Another emboctiment comprises about 50-200 mg of a HDAC 
inhibitor. 

hi one embodiment, flie pharmaceutical compositions are administered orally, and 
are thus formulated in a form suitable for oral administration, i.e., as a solid or a liquid 

5 preparation. Suitable solid oral formulations mclude tablets, capsules, pills, granules, 
pellets, and the like. Suitable liquid oral formulations include solutions, su^>ensions, 
dispersions, emulsions, oils, and the like. In one embodimrat of the present invention, the 
composition is fonmdated in a capsule, hi accordance with this embodiment, the 
compositions of the present invention comprise in addition to the HDAC inhibitor active 

10 compound and the inert carrier or diluent, a hard gelatin cq;isule. 

As used herdn, ^^hatmaceutically accq)table carrier" is intended to include any and 
all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotoiuc and 
absorption delaying s^jcnts, and the like, conq[>atible with pharmaceutical administration, 
such as sterile pyrogen-fiee water. Suitable carriers are described in the most recent edition 

15 of Remington's Pharmaceutical Sciences, a standard referrace text in the field, which is 
mcorporated herein by reference. Prefeired e!canq>les of such carriers or diluents include, 
but are not limited to, water, saline, finger's solutions, dextrose solution, and 5% human 
serum albumin. I^>osomes and non-aqueous vehicles such as fixed oils may also be used. 
The use of such media and agents for phamiaceutically active substances is well known in 

20 the art Bxcqit insofar as any conventional media or agimt is inconq)atible with the 

conq)ound, use thereof in the conqwsitions is cantemplated. Supplementary active 
compounds can also be incorporated into tiie conq>08ttions. 

Solid cairiers/dilumts include, but are not Hmited to, a gum, a starch (e.g., com 
starch, pregeladnized starch), a sugar (6.g., lactose, mannitol, sucrose, dextrose), a cellulosic 

25 material. (e.g., mioocrystalline cellulose), an acrylate (e.g., polymethylacrjiate), calcium 
carbonate, magnesium oxide, talc, or mixtures tiieieo£ 

For liquid formulations, pharmaceutically acceptable cairim may be aqueous or 
non-aqueous solutions, suspensions, emulsions, or oils. Exanq>les of non-aqueous solvoits 
are propylene glycol, polyethylene glycol, and injectable organic esters such as ethyl oleate. 

30 Aqueous carrieis mclude water, alcoholic/aqueous solutions, emulsions, or suspensions, 
including saline and bufferal media Examples of oils are tiiose of petroleum, animal, 
v^etable, or syntiietic origm, for exanq>le, peanut oil, soybean oil, minml oil, olive oil, 
sunflower oil, and fish-liver oil. Solutions or suspensions can also include the following 
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conq)onents: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylrae glycol or other synthetic solvents; antibacterial 
agents such as benzyl alcohol or methyl paiabens; antioxidants such as ascoibic acid or 
sodium bisulfite; chelating agents such as etfaylenediaminetetcaacetic acid (EDTA); buffers 

5 such as acetates, dtiates phosphates, and agents for tibie adjustment of tonicity such as 
sodiam chloride or dextrose. The pH can be acgusted with acids or bases, such as 
hydrochloric add or sodium hydroxide. 

In addition, the compositions may further conq>rise binders (e.g., acacia, cornstarch, 
gelatm, carbom^, ethyl cellulose, guar gum, hydroxypropyl ceUulose, hydroxypropjd 

10 methyl cellulose, povidone), dismtegradng agents (e.g., cornstarch, potato starch, algmic 
acid, siUcon dioxide, ax>scaimellos6 sodium, crospovidone, guar gum, sodium starch 
glycolate, Primogel), buffers (e.g., tris-HCI, acetate^ phosphate) of various pH and ionic 
strength, additives such as albumin or gelatm to prevent absorption to surfaces, detergrats 
(e.g.^ Tween 20, Twe&x 80, Pluronic F68, bile add salts), protease inhibitors, sur&ctants 

15 (e.g., sodium lauryi sulfate), permeation enhancers, solubilizing agents (e.g., glycerol, 
polyeth^ene glycerol), a gUdant (e.g., colloidal siUcon dioxide), anti-oxidants (e.g., 
ascorbic add, sodium metabisulfite, butylated hydroxyanisole), stabilizers (e.g., 
hydroxyprop^ cellulose, hyroxypropyhnethyl cellulose), viscosity increasing agents (e.g., 
carbomer, colloidal silicon dioxide, etfa^ cellulose, guar gum), sweeteners (e.g., snorose, 

20 aspartame, dtric add), flavoring agents (e.g., peppermint, methyl salicylate, or orange 
flavoring), preservatives (e*g., Thim^sal, benzjd alcohol, parab»s), lubricants (e.g., 
stearic add, magnesium stearate, polyethyioe glycol, sodium lauryi sul&te), flow-aids 
(e.g., colloidal silicon dioxide), plasticizers (e.g., diethyl pfatfaalate, triebyl dtrate), 
emulsifieis (e.g., carbomor, hydroxyprcq);^ cellulose sodium lauryi sul&te), polymer 

25 coatings (e.g., poloxamers ot poloxammes), coating and fifan forming agents (e.g., etilijd 
cellulose, acrylates, polymefiiacrjdates) and/or adjuvants. 

In one embodiment, the active compounds are prqiared with carrieis that will t 
protect the compound against n^id elimination from 1b& body, sudi as a controlled release 
formulafion, including implants and microencqisulated defivery systons. Biodegradable^ 

30 biocompatible polymm can be used, sudi as ethylene vinyl acetate, polyanhydrides, 
potyglycolic add, coUagm, polyorfhoesters, and pol^^ttc add. Methods for prq>aration 
of such {brmulations will be appar^ to &ose skilled in flie art The materials can also be 
obtained commercially fiximAlza Corporation and Nova Fhannaceu^ liposomal 
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suspensions (including liposomes targeted to infected cells with monoclonal antibodies to 
viral antigens) can also be used as pharmaceutically acceptable carriers. These can be 
prepared according to mefliods known to those skilled in the art, for example, as described 
mU-S. Patent No. 4,522,811. 
5 It is especially advantageous to formulate oral con[q)ositions in dosage unit form for 

ease of administration and uniformity of dosage. Dosage unit form as used herem ref^ to 
physically discrete units suited as unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound calculated to produce the desired 
ttierapeutic efifect in association with idie required pharmaceutical carrier. The specification 
10 for the dosa^ unit forms of the inveotion are dictated by and directly dependent on Ae 
unique characteristics of the active conqniund and the particular flierq>eutic effect to be 
achieved, and flie limitations inherit in the art of compounding such an active coiKqx)und 
for tiie treatmotit of individuals. 

The pharmaceutical conq)osition& can be included in a container, pack, or dispenser 
15 together with instructions for administration. 

The daily administration can be repeated contirmously for a period of several days to 
several years. Oral treatment n[iay continue fisr between one wedc and the life of tiie patients 
Preferably the administration takes place for five consecutive days after which time the 
patient can be evaluated to detemaine if &rther administration is required. The 
20 administration can be continuous or intemnttent, i.e., treatmient for a number of consecutive 
days followed by a rest period. 

The compounds of the pies^t invention may be administered intravenously on the 
first day of treatment, with oral administration on the second day and all consecutive days 
thereafter. 

25 The conq;)ounds of the present invention may be administered for tiie purpose of 

prev«ting disease progression or statbiliznig tumor growth. 

The preparation of jdiannaceutical conq)ositions that contain an active component is 
well understood in the art, for exarqple, by mixing, granulating, or tablet-forming processes. 
The active ther^eutic ingredient is often mixed witii exdpients that are pharmaceutically 

30 accq>table and compatible with the aDctive ingredient For oral administration, the active 
agents are mixed with additives customary for this purpose, such as vehicles, stabilizers, or 
inert diluents, and converted by customary methods into suitable finms for administration, 
su<^ as tablets, coated tablets, hard or soft gelatin cq>sules, aqueous, alcoholic or oily 
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sohiticms and tide like as detailed above. 

The amount of the compomid administered to the patient is less than an amount that 
would cause toxicity in the patient In the obtain embodiments, the amount of fte 
confound that is administered to the patient is less than the amount diat causes a 
5 concentratian of the compound in the patient's plasma to equal or exceed the toxic level of 
flie conqx>und. Preferably, the concentration of the compound in the patient's plasma is 
maintained at about 10 nM. In anothar embodiment, the concoitiation of the compound in 
liie patient's plasma is maintained at about 25 nM. In another etnbodimexit, the 
concentration of flie compound in flie patient's plasma is maintained at about 50 nM. In 

10 another embodiment, the conc^itration of the compound in tbo patienfs plasma is 
maintained at about 100 nM. b another embodimmt, flie concentration of the compound in 
the patimfs plasma is maintained at about 500 nM. In another embodhneaot, the 
concentration of the compound in flie patient's plasma is maintained at about 1000 JdM. In 
anoflier embodiment, the concentration of the conq>ound in flie patient's plasma is 

15 maintained at about 2500 nM. In anoflier embodiment, the concentration of the conqwund 
in flie pati«t's plasma is niaintained at about 5000 nM. 

It pas hem found with HMBA that administration of the conqwund in an amount 
from about 5 gm/tx3?/day to about 30 gm/m^/day, particulariy about 20 gmAnVday, is 
effective wifliout producing toxicity in flie patient The opthnal amount of flie conqiound 

20 fliat should be administered to flie patirait in flie practice of 'flie present invention will 
dqpend on the particular compound used and flie type of cancer being treated. 

In a cumfly prefened embodiment of the present invmtion, the phannaceutical 
composition conqnises a Ustone deac^lase (HDAQ inhibitor, miaxKsrystalline celhilose 
as a canier or diluent; croscarmellose sodium as a disintegrant and magnesium stearate as a 

25 lubricant In anoflier cunient prefened embodiment, flie HDAC inhM 

hydroxamic add (SAHA). Anofliw cuirrafly prefeired embodinient of flie invention is a 
solid fannulation of SAHA with microcrystalline ceflulos^ NF (Avicd Ph 101), sodium 
croscaimdlose, NF (AC-Ett-Sol) and magnesium steaiate, NF, contained in a gelatin 
capsule. 

30 The percentage of flie active ingredient and various exdpiesits m flie foimulations 

may vary. For example, flie composition may conqirise betwera 20 and 90%, preferably 
between 50-70% by weigjit of flie Ustone deacetylase (HDAQ. FurfliCTmore, flie 
composition may comprise between 10 and 70%, preferably between 20-40% by wei^t 
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microcrystalline cellulose as a carrier or . diluent Furfhennore, the conqwsition may 
conqmse between 1 and 30%, preferably 5-15% by weight croscarmeUose sodium as a 
disintegrant. Furthermore, Ihe compositioxi may course between 0.1-5% by weigiht 
magnesium stearate as a hibricant. Jn another preferred embodiment, die composition 

5 comprises about 50-200 mg of the HDAC inhibitor (e.g., 50 mg, 100 mg and 200 mg for the 
HDAC inhibitor^ for example, SAHA). In a particularly jMreferred embodiment, the 
conq>osition is in the form of a gelatin capsule. 

A cuirmtiy prefmred embodnnent is 200 mg of solid SAHA with 89.5 mg of 
microcrystalline cellulose, 9 mg of sodium croscarmellose and 1.5 mg of magnesium 

10 stearate contained in a gelatin cq>sule. 

In Vitro Mefliods ; 

The present invention also provides in-vitro methods for selectively inducing 
tenmnal differentiation, cell growtih arrest and/or s^Kyptosis of rieoplastic cells, e.g., 

15 lymphoma cells, Hxerdby inhibiting proliferation of such cells, by contacting the cells witii 
an effective amount of a an HDAC kihibitor, e.g., SAHA, or a pharmaceutically accqptable 
salt or hydrate thereof. 

The present invention also provides in-vi/ro mediods for inhibiting ibe activity of a 
histone deacetylase, by the histone deacetylase with an effective amount of an HDAC 

20 inhibitor, e.g;, SAHA, or a pharmaceutically acceptable salt or hydrate tfa^of 

Althou^ the methods of die present invention can be practiced in vitroy it is 
cQntemplated flsat die preferred embodiment for the methods of selectiveiy inducing 
terminal differentiation, cell growth arrest and/or q>optosis of neoplastic cells, and of 
inhibiting HDAC will conaqprise contacting the cells in vivo, i.e., by administering the 

25 conq)ounds to a subj ect harboring neoplastic cells or tumor cells in need of treatm»t 

Thus, the present invention also provides methods for sdectively inducing teminal 
differentiation, cell growth arrest and/or s^optosis of neoplastic cells, e.g., lynq)homa cells 
in a subject, therd)y inhibiting proliferation of such cells in said subject, by administaing to 
the subject a pharmaceutical composition conqmsing an effective amount of an HDAC 

30 'inhibitor, e.&, SAHA, or a pharmaceutically acceptable salt or hydrate tiiereoi^ and a 
pharmaceutically acceptable carrier or diluent An effective amount of an HDAC inhibitor 
in the present invention can be up to a total daily dose of 800 mg. 
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The presCTt invention also provides methods for inhibiting the activity of a histone 
deacetjdase in a subject, by admmistering to flie subject a phannaceutical composition 
comprising an effective amount of an HDAC inhibitor, ag., SAHA, or a phannaceudcally 
acceptable salt or hydrate thereof, and a phaimaceutically acceptable carrier or dihient An 
effective amount of an HDAC inhibitor in.flie present invention can be iq) to a total daily 
dose of 800 mg. 

EXAMPLES 

The invention is illustrated in Ihe Examples that follow. This section is set forth to 
aid in an understanding of the invention but is not mtended to, and diould TO^ 
to Umit in any way the invention as set forfli in the claims which follow thereafter. 

EXAMPLE 1 

Synthesis of SARA 

SAHA cm be synthesized according to the method outlined below, or accordmg to ^ 
the method set forth in US Patent 5,369,108, the contents of which arc incorporated by 
reference in their atirety, or according to any other method 







In. a 22 L flask was placed 3,500 g (20.09 moles) of soberic add, and tiie add melted 
with heat The tenqxaature was raised Id 175»C, and then 2,040 g (21.92 moles) of aniline 
was added. The temperature was raised to 190°C and held at that temperature for 20 
minntes. Ihe melt was poured mto a Nalgene tank that contained 4,017 g of potassium 
hydroxide dissolved in 50 L of water. The mixture was stined for 20 mmates following the 
addition of the melt The reaction was repeated at the same scale, and the second melt was 
poured into the same sohition of potassram l^ydroxide. After die mixture was thoroughly 
sthied, the stirrer was turned o£^ and die mixtare was allowed to setUe. Themixturewas 
then filtered flirough a pad of Cdite (4,200 g) (the product was filtered 1o remove the 
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neutral by-product (fiom attack by aniline an both ends of suberic acid). The fiBtrate 
contamed the salt of the product, and also the salt of unreacted submc acid. The mixture 
was allowed to settle because the filtration was very slow, taking several days). The filtrate 
was acidified using 5 L of concentrated hydrochloric add; the mixture was stirred for one 
5 hour, and flien allowed to settle overnight The product was coUected by filtration, and 
washed on the fimnel with deionized water (4x5 L). The wet filter cake was placed in a 72 
L flask with 44 L of ddoni2»d water, the mixture heated to 50**C, and the soUd ^ 
hot filtration (flie desired product was contaminated with suberic acid which is has a much 
greater solubility in hot water. Several hot triturations were done to remove suberic acid. 

10 The product was checked by NMR [DeDMSO] to monitor the removal of subrac acid). 
The hot trituration was repeated with 44 L of water at 50**C. The product was again isolated 
by filtration, and rinsed with 4 L of hot water. It was.dried over the weekend in a vacmnn 
oven at SS^'C using a Nash pump as the vacuum source (the Nash pump is a liquid ring 
pump (water) and pulls a vacuum of about 29 inch of mercury. An intemiittait argon purge 

15 was used to help carry off water); 4,182.8 g of suberanilic arid was obtained. 

The product still contained a small amount, of suberic arid; therefore tiie hot 
trituration was done portionwise at 65*C, using about 300 g of product at a time. Each 
portion was filtered, and rinsed thorou^y with additional hot wat^- (a total of about 6 L). 
This was rqieated to purify Ihe entire batch. This completely removed submc arid fiom 

20 the product. The solid product was combined in a flask and stirred with 6 L of 
methanol/water (1:2), and then isolated by filtration and air dried on flie filter over die week 
end. It was placed in trays and dried ma vacuum oven at 6S''C for 45 hours usmg the Nash 
pump and an argon bleed. The final product has a weight of 3,278.4 g (32.7% yield). 




To a 50 L flask fitted wifli a mechanical stirrer, and condenser was placed 3,229 g of 
suberanilic arid fiom flte previous stq), 20 L of methanol, and 398.7 g of Dowex 50WX2- 
400resia The mixture was heated to refhix and held at reflux for 18 houis. Themixture 
was filtered to remove the resm beads, and the filtrate was taken to a residue on a rotary 
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10 



evq>orator. 

The reddae ftcrai the rotary evs^rator was transf^^ 
condaisa and mediatiical stiner. To the flask was added 6 L of methanol, and the mixture 
heated to give a eohition. Thai 2 L of ddonized water was added, and the heat turned ofil 
The stirred mixture was allowed to cool, and tiien the flask was placed in an ice bafli, and 
the mixture cooled. The solid product was isolated by filtration, and tiie filter cake was 
rinsed witfi 4 L of cold medianol/watar (1:1). The product was dried at 45''C in a vacuum 
oven using a Nash punop for a total of 64 hours to give 2,850.2 g (84% yield) of methyl 
suberanilat^ CSL Lot # 98-794-92-3 1. 





To a 50 L flask with a mechanical stirrer, fhermocoiqile, and inlet for inert 
atmosphere was added 1,451.9 g of hydroxylamine hydrochloride, 19 L of anhydrous 
methanol, and a 3.93 L of a 30% sodium melhoxide solution in methanol The flask was 
then charged with 2,748.0 g of methyl suberanilate^ followed by 1.9 L of a 30% sodium 
me&oxide solution in mefiianoL The mixture was allowed to stu: for 16 hr and 10 minules. 
15 Approximately one half of the reaction mixture was transferred fiom the reaction flask 
(flask 1) to a 50 L flask (fladc 2) fitted with a mechanical stirrer. Hien 27 L of deionized 
water was added to fladc 1 and the mixto was stiner for 10 minutes. The pH was taken 
using a pH meter; the pH was 1 1.56. The pH of the mixture was adjusted to 12.02 by the 
addition of 100 ml of tite 30% sodium metfaoxide sohition in methanol; this gave a dear 
20 sohition (the reacti<m mixture at this time contained a smaU amount of solid. ThepHwas 
tt^usted to give a clear sohifion firan which the precipitation the product would be 
prec^itated). The reaction mixture m flask 2 was dihited in fiie same manner, 27 L of 
deionized water was added, and the pH ac^usted by the addition of 100 ml of a 30 % sodium 
medwxide sohition to the mixture, to give a pH of 12.01 (clear sohition). 
25 The reaction mixture in eacA flask was acidified by the addition ofglacial acetic add 

to precqntate the product Flask 1 had a final pH of 8.98, and Flask 2 had a final pH of 
8.70. The product firan both flasks was isolated by filtration using a Buchnerfimnd and 
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filter cloth. The filter cake was washed witti 15 L of ddomzed water, and tibe funnel was 
covered and the product was partially dried on the ftotmel und^ vacuum for I5.S far. The 
product was removed and placed into five glass trays. The trays were placed in a vacuum 
oven and fhe product was dried to constant weight. The first drying period was for 22 hours 
5 at 60°C using a Nash punq> as tibe vacuum source widi an argon bleed. The tr^ were 
removed fixmi the Vacuum oven and weighed The trays were returned to the oven and the 
product dried for an additicmal 4 hr and 1 0 minutes usin^ an oil pump as the vacuum source 
and with no argon bleed. The matoial was packaged in double 4-mill polyebylffle bags, 
and placed in a plastic outer container. The final weight aft^ samplmg was 2633.4 g 
10 (95.6%). 

Step 4 -Recrystallization of Crude SAHA 

The crude SAHA was recrystallized &om methanol/water. A 50 L flask with a 
mechanical sitirrer, thermocouple, condenser, and inlet for inert atmosphere was charged 

15 with the crude SAHA to be crystallized (2,525.7 g), followed by 2,625 ml of ddonized 
water and 15,755 ml of methanol. The material was heated to reflux to give a solution. 
Then 5,250 ml of deionized water was added to the reaction mixture. The heat was tamed 
ofC and the mixture was allowed to cool. When the mixture had cooled sufiSciently so that 
the flask could be safely handled (28**C), the flask was removed from the heating mantle, 

20 and placed in a tub for use as a cooling bath. Ice/water was added to the tub to cool the 
mixture to -5**C. The mixture was held below that temperature for 2 hours. The product 
was isolated by filtration, and the filtar cake washed with 1.5 L of cold methanolAvater 
(2:1). The fimnel was covered, and the product was partially dried under vacuum for 1.75 
hr. The product was removed &om flie fimnel and placed in 6 glass trays. The trays were 

25 placed in a vacuum oven, aod the product was dried for 64.75 hr at 60**C using aNash pump 
as the vacuum source, and using an argon bleed. The trays were removed for weighing, and 
thiMi returned to Ae oven and dried for an additional 4 hours at 60^C to give a constant 
weight The vacuum source for the second drying period was an oil pump, and no argon 
bleed was used. The material was packaged in double 4-mill polyethylme bags, and placed 

30 in a plastic outer container. The final weigjit after sampling was 2,540.9 g (92.5%/ 

EXAMPLE 2 

Oral dosing of sabgroYlanffliip hYdrAMmf e add (SATTA) 
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BackRyound: Treatmrat with hybrid polar cellular diff^entiation agents has lesidted 
in the inhibition of growth of human solid tumor derived ceD lines and xenografts. The 
effect is mediated in part by inhibition of histone deacetylase. SAHA is a potent histone 
deacetylase inhibitor that has hem shown to have the ability to induce tumor cell growth 
5 arrest diflferaitiatiofn, and ^ptosis in the laboratory and in preclinical studies. 

Objectives: To define a safe daily oral regimen of SAHA that can be used in Phase 
n studies. In addition, the phannacoldnetic profile of the oral fotmulation of SAHA was be 
evahiated. The oral bioavailability of SAHA m humans in the fasting vs. non-festing state 
and anti-tumor effects of treahnent were also monitored. Additionally, the biological 
10 effects of SAHA on normal tissues and tumor cells were assessed and responses with 
respect to levels of histone acetylation were documented. 

Patients: Patients with histologically documented advanced stagey primary or 
metastatic adult solid tumors that are refiactory to standard tha^y or for which no curative 
standard ther^y exists. Patients must have a Kamofeky Performance St^ of ^70%, and 
15 adequate hematologic, hepatic, and renal function. Patients must be at least four weeks 
fiom any prior chemother^y, radiation therq)y or other investi^onal anticancer drugs. 

Posing Schedule: ;Oa the first day, patients were first treated with 200 mg of 
intravenously-administered SAHA. Starting on the second day, patients were treated with 
daily doses of oral SAHA according to Table 1. Each cohort received a diffeient dose of 
20 SAHA. "QD^'mdicatesdosmg once a da3r,"Q12hours« indicates dosing twice For 
example, patients m Cohort IV received two 800 mg doses of SAHA per day. Doseswere 
admmistered to patients daily and continuously. Blood sanples were taken on day one and 
on day 21 of oral treatment Patients were taken off oral SAHA treatment due to disease 
progression, tumor regression, unacceptable side effects, or treatment with ottier tiier^ies. 

25 



Table 1: Oral SAHA Dose Schedule 



Cohort 


Oral Dose (mg) 


Nmnb^ of Days 


Daily Dosing Schedule 


I 


200 


Continuous 


QD . 


n 


400 


Continuous 


QD 


m 


400 


Continuous 


Q12 hours 


IV 


800 


Continuous 


Q12 hours 


V 


1200 




Contiruious 


Q12 hours 
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VI 


1600 


Continuous 


Q12 hours 


vn 


2000 


Continuous 


Q12 hours 



Results : Con^arison of serum plasma levels shows high bioavailability of SAHA 
admioistered orally, both when the patient fasted and when the patient did not fest, 
compared to SAHA admimstered intravenously (IV SAHA). "AUC*^ is an estimate of the 

5 bioavailability of SAHA in (ngM)min, where 660 ng^ is equal to 2.5 pM SAHA. The 
AUC taken together with the half-life (t^ shows tiiat the overall bioavailability of oral 
SAHA is better than that of IV SAHA. Cn^ is the maximum concentration of SAHA 
observed after administration. IV SAHA was administered at 200 mg infiised over two 
hours. The (nal SAHA was administered in a single ci^sule at 200 mg. Tables 2 and 3 

10 summarize the results of an HPLC assay (LCMS using a deutorated standard) that 
quantitates the amount of SAHA in die blood plasma of the patients versus tinie, using 
acetylated histone-4 (a-AcH4) as amarker. 



Table 2: Serum Plasma Levels of Oral SAHA - Patietit #1 

IV Oral(festing) Oral (nonfasting) 

C„«x(ng;inl) 1329 ~l25 328 

tH(min) 20 80 64 

AUC (ng/ml)min 153,000 25,000 59,000 



Table 3: Senun Plasma Levels of Oral SAHA - Patient #2 





IV 


Oral (fasting) 


Oral (non£asting) 


C«tt(ng/ml) 


1003 


362 


302 


tK(inin) 


21 


82 


93 


AUC (ng/ml)min 


108,130 


63,114 


59,874 



Figures 1 to 8 are HPLC sUdes showing the amount of a-AcH4 in patients in 
Cohorts I and n, measured at 19 to 10 hours afia: receiving the oral dose, oonq>ared with the 
20 a-A^4 levels ^en SAHA was administered intmvfflously. Fig 9 shows the mean plasma 
concentration of SAHA (n^ml) at the indicated time points following administration. Fig 
9A: Oral dose (200 mg and 4GiOmg) under &stmg on Day 8. Fig9B: Oral dose (200 mg 
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and 400 mg) with food on Day 9. Fig9C: IV dose on day 1. Fig 10 shows the parent 
half-Iifeof aS AHA 200 mg and 400 mg oral dose, on Days 8, 9 and 22. Figll shows the 
AUC(ng/ml/hr)ofaSAHA200mgand400ingarddose,onDays8, ^ Figure 12 

shows the bioavailability ofS AHA after a 200 mg and 400 mg oral dose, on Days 8,9 and 
5 22. 

EXAMPLES 

Oral dosing of snberovlanilide hydroTamlc acid (S AT¥ A) -nn«i> Escalation 

In another experiment, twenty-five patients wilh solid tumors have he&i eoiolled 
10 onto arm A, thirteen patients with Hodgldn's or nonrHodgldn's lymphomas have been 
enrolled onto arm B, and one patient with acute leukemia and one patient with 
myelodysplastic syndrome have been enrolled onto arm C, as shown in Table 4. 

Table 4: Dose Escalation Scheme and Number of Patients on Each Dose Level 

15 



Cohort 


Dose 
(mg/day) 


Dosing 
Schedule 


#Days of Dosing 


Rest Period 


#Patients Enrolled 
(arm A/arm B/arm Q* 


I 


200 


Once a day 


ContinuoQs 


None 


6/0/0 


n 


400 


Once a day 


Contkmoos 


None 


5/4/2 


m 


400 


q 12 horns 


Confjmioiis 


None 


d/3/0 


IV 


600 


Once a day 


Continnous 


None 


4/3/0 


V 


200 


q 12 hours 


Continnoiis 


None 


4/3/0 


VI 


300 


q 12 hours 


Contbxoons 


None 














Sub-totals: 25/13/2 


* U-a M, «fc m 4 „ . . • 


Total »40 



*AimA=soKd tumor, «rmB*I>TOphoina, arm C>le^ 



Results: 

Among eleven patients treated in Cohort n, one patient experienced the DLT of 
20 grade 3 dianhea and grade 3 dehydration daring the first treatment cycle. Mne patients 
were entered into Cohort HI. Two patients were not evaluable for flie 28-day ^xicity 
assessment hecaase of early study termination due to rqrid progression of disease. Of the 
seven remaining patients, five experienced DLT during the first treatment cycle: 
dianhea/dehydration (rF=l), fiatigae/deiQrdration (n=l), anorexia dehydration (if»1) 
25 and anorexia/ddiydration (n=»l). These five patients recovered in a^proximateiy one week 
afier&e study drug was held. They were subsequmtiy dose reduced to 400 mgQD, which 
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appeared to be well tolerated. The median days on 400 mg BID for all patients in Cohort UI 
was 21 days. Based on these findings the 400 mg ql2 hour dosing schedule was judged to 
have exceeded the maxintially tolerated dose. Following protocol amendment, accrual was 
continued in cohort IV at a dose of 600 mg once a day. Of the scvm patients enrolled onto 

5 cohort IV, two were not evaluable for the 28-day toxicity assessment because of early study 
temunation due to rapid progression of disease. Three patismts e}q>erienced DLT during the 
first treatment cycle: anorexia/dehydration/fetigue (n=fl), and diarrhea/dehydration (nF2). 
The 600 mg dose was therefore judged to have exceeded the maximally tolerated dose and 
the 400 mg once a day dose was defined as the maximally tolerated dose for once daily oral 

10 administration. The protocol was amended to evaluate additional dose levels of the twice a. 
day dosing schedule at 200 mg BID and 300 mg BID administered continuously. 

The interim pharmacokinetic analysis was based on 18 patients treated on the dose 
levels of 200 mg QD, 400 mg QD, and 400 mg BID. In graeral, the mean estimates of Cmax 
and AUCinf of SAHA administared orally undo: festing condition or with food increased 

IS proportionally with dose in the 200 mg to 400 mg dose range. Overall, the fi:action of 
AUCinf due to extr^olation was 1% or less. Mean estimates for apparent half-life were 
variable across dose groups under &sting condition or with food, ranging fix>m 61 to 114 
minutes. The mean estimates of Qnax, varies fiom 233 ng/ml (0.88 jiM) to 570 ng/ml (2.3 
yM). The bioavailable firaction of SAHA, calculated fix>m tiie AUCW values after tiie IV 

20 infusion and oral routes, was found to be approximately 0.48. 

Peripheral blood mononuclear cells were collected pre-theRq;)y, iximiediately post- 
infijsion and betwem 2-10 hours after oral ingestion of the SAHA c^sules to assess the 
efiect of SAHA on the extent of histone acetylation in a normal host cell. Histones were 
isolated and probed witii anti-acetylated histone (H3) antibody followed by HRP-secondary 

25 antibody. Preliminary aiialysis demonstrated an increase in the accumulatio 

histones in peripheral mononuclear cells that could be detected \xp to 10 hours after 
ingestion of SAHA capsules at 400 mg per day dose level. 

Thirteen patients continued treatment for 3-12 months with responding or stable 
disease: thyroid (n=3), sweat gland (n=l), renal (df^), larynx (n=l), prostate (n=l), 

30 Hodgkin*s lymphoma (n=2), non-Hodgldn's lymphoma (n=2), and leukemia (i^l). 

Six patients had tumor shrinkage on CT scans. Three of these six patients meet the 
criteria of partial response (one patient with metastatic laryngeal cancer and two patients 
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with non-Hodgkixi's lymphomas). These partial responses occurred at the dose levels of 
400 mg BID (ff=*2) and 600 mg QD (ir=l). 

The dosages described above have also been administer twice daily intemiittently . 
PatienlshaverecdvedSAHA twice daily dn:ee to five days per week. Patient response has 
5 be» sem with admiidstrationofSAHA twice daily at 300 mg for three 

EXAMPLE4 

Intravenoos Doslnyr of S AHA 

Table 5 shows a dosing schedule for patients receiving SAHA intravenously. 

10 Pfvtients begin in Cohort 1, receiving 300 mg/m^ of SAHA for five consecutive days in a 
week for one week» for a total dose of 1500 mg^^. Patients were then observed for a 
pCTod of two weeks and continued to Cohort then progressed through the Cohorts, unless 
treatment was terminated due to disease progression, tumor regression, unaccq[>table side 
effects or die patient received other treatment. 

IS Table 5: Standard Dose Escalation for Intravenously-Administered SAHA 



Cohort 


Dose 


Nmnber of 
Days/Week 


Number of 

Consecutive 

Weeks 


Observation 

Period 

(Weeks) 


Total Dose 


I 


300 


5 


1 


2. 


1500 


n 


300 


5 


2 


2 


3000 


m 


300 


5 


3 


1* 


4500 


IV 


600 


5 


3 


1* 


9000 


V 


800 


5 


3 


1* 


13500 


VI 


1200 


5 


3 


1* 


18000 


vn 


1500 


5 


3 


1* 


22500 


*Heau 


itologicpatieab 


(Started at dose 


Level m. 



EXAMPLES 
Treatment of MesnAftiinnifl with SAHA 

20 Three patients \vithmesothefioma were enroUed in Phase I studies^ The 

patiats were administered ond SAHA twice daily at a dose of 300 mg or 400 mg to 
daysawedL One partial req[>oiise was observed foUowmg SAHA treatment according 
the above regime for 6 months. 
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Figure 13 is a CT scan of a mesothelioma tumor fiom a patimt, before (PRE - left 
panel) and after (POST - right panel) treatment with SAHA twice daily at a dose of 300 mg 
three days a week for 6 months. The data demonstrates that SAHA is effective at treating 
mesothelioma tumbrs in patients. 

5 

EXAMPLE6 

Treatment of DMfase Large B-cell Lymphoma fPLBCU with SAHA 

A phase I stady of oral SAHA in sixty eight patiente with advanced cancer 
including heniatologic cancer and solid tumors was conducted. Patients received SAHA 
10 oraUy^) 200, 400 or 600mgQD daily, 200, 300 or 400mgBID daily, 300mg or ^ 
0Bro)mtamittently3daysaweek,or 100mgTID(iwks). Seven patients with Diffuse 
Large B-cell Lymphoma (DLBCL) enrolled in Ae study. 

Results : 

15 A. Complete Response (CR^ to oral SAHA treatment : 

One patient, a 66 y/o woman, was diagnosed with stage I small lymphocytic 
lymphoma (plasmacytoid); received bleomycin, CPT and local XRT with complete 
response; developed recurrent disease (breast/subcutaneous nodule, and hmg nodules) and 
was treated with Fludarabine/mitoxantrone, ritmdmab, CEPT, lq>osomal doxorubicin. 
20 Transformed to DBLCL, subsequently treated with Rituximab, Anti-Bl, CTX/liposoma} 
doxondncin/predAdncristme: 

The patient was referred to oral SAHA Phase I in with subcutaneous nodules, 
difitase adenopathy, large gastrohqpatic mass, bilateral hmg nodules, bone marrow 
involvement by lymphoma. The patient received SAHA 400 mg BID for 1 monfli, was 
25 subsequently dose reduced to 400 mgQD, and was on SAHA treatment ft>r a total of l y 

Figure 14 is a CT scan taken befi>re (Figure 14A) and after (Figure 14B) 2 mcmftis of 
treatmrat with SAHA, demonstrating shrinkage of the Gastrohepatic mass. A cbnq)IetQ 
resolution of the Gastrohq)atic mass was observed after 2 cycles of treatment (4 months). 

Figure 15 is a PET scan taken before (Figure ISA) and after (Figure 15B) 2 months 
30 of treatment with SAHA, demonstrating tumor regression fi>llowing the treatment 

A complete response (CR) (meeting Cheson Criteria) was achieved following 4 
months of SAHA treatment The complete response (CR) has lasted thus &r for 14 months, 
and the patient is still in CR. 
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B. Partial Response APR) to oral S AHA treatmcat 

Qae patiCTt with DLBCL received 600 mg QD of SAHA orally, and was en S AHA 
treatment for a total of JBve months. 
5 Figure 1 6 is a CT scan taken before (Figure 16A) and after (Figure 1 6B) 1 monfh of 

treatment witti SAHA, demonstrating tumor shrinkage foUowing &e 

A partial response (RR) (meetmg Cheson Critma) was achieved following S montibs 
of SAHA treatment. 

10 C. Tumor Regression following oral SAHA treatmmt: 

Qn6 patient, a 75 year old woman, initially presented with follicular lynq>homa with 
evidence of transformation. She was origjnaUytreated-wi& 6 cycles of cyclophosphamide^ 
doxorubicin, etoposide, and prednisone. She then und^went a splenectomy ^ch showed 
DLBCL, for "Pvliich she was treated with Zevalin. She subsequently received two courses of 
15 rituximab and eventually pmtostatin, cyclophosphamide and rituximab. 

The patimt received 200 mg BID of SAHA orally, and was on SAHA treatment for 
six months. 

Figure 17 is a PET scan tskm before (Figure 17A) and after (Figure 17B) 2 moa&s 
of treatmmt with SAHA. As seen, the patient achieved an excellent PET negative req;Kmse 

20 after 2 moofhs on SAHA with contmued reduction inher disease. 

"While this invmtion has been particularly ^wn and described with references to 
preferred embodiments diereol^ it will be understood by foose ddUed in die art fiiat various 
changes in form and details may be made therem wittont departing ftom the meaning of the 
invenlion-desciibed. The scope of the invention includes die subject matter of the claims 

25 that follow. AH patents, pdtcnt qjplications, and publications cited herein are herd>y 
inooiparated by lefemice. 
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Wbat is claimed is: 



L A method of treating mesothelioma or difiuse large B-cell lymphoma in a subject, 
S said method comprising the stq> of adinimstering to the subject an effective amoimt 

of a pharmaceutical composition co^^)rising a histone deacetylase (HDAC) 
inhibitor, or a pharmaceutically acceptable salt or hydrate thereof, and a 
pharmaceutically acceptable carrier or diluent, wherein the amount of histone 
deacetylase inhibitor is effective to treat said mesotheUoma or diffuse large B-cell 
10 lymphoma in said subject. 

2. The method of claim 1, wherein the method is used to treat mesothelioma in said 
subject. 

15 3. The method of claim 1, wherein the method is used to treat difiuse large B-ceU 
lynq>homa in said subject 

4. The method of claim 1, wherein the HDAC inhibitor is suberoylanilide hydroxamic 
add (SAHA), rq>resented by the structure: 

20 <y NHOH 



25 



5. The method of claim 1, wherein the HDAC inhibitor is pyroxamidey represented by 
the structure: 

H 



NHOH 



6. The method of claim 1 , wherein the HDAC inhibitor is represented by ttie structure: 
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7. 

10 

8. 

15 
20 

9. 



wherein R3 and R4 are independently a substituted or uasubstituted, branched or 
unbranched alkyl, alkenyl, cycloalkyl, aryl, alkyloxy, aryloxy, arylalkyloxy, or 
pyridine group, cycloalkyl, aryl, ar^doxy, arylalkyloxy, or pyridine group, or R3 and 
R4 bond together to fonn a pq)erid]ne groi^; R2 is a hydroxylamino group; and n is 
an integCT from 5 to 8. 

The method of claim 1, wherein the HDAC inhibitor is represented by flie structure; 

o o 

II II 

R C NH (CH2)n C NHOH 

wherein R is a substituted or unsubstitated phenyl, piperidme, thiazole^ 2-pyridine, 
3- pyridine or 4-pyridine and n is an integer from 4 to 8. 

The method of claiml, wherem the HDAC inhibitor is represented by the structure: 



wherein A is an amide moi^, Ri and R2 are each selected fiom substituted or 
unsubstituted aryl, axylalk^ naphfliyl, pyridineammo, 9-puiine-6-amino, 
thiazoleamino, aiyloxy, aridallqrloxy, pyridyi, quinolin)4 or isoquinolinyl; R* is 
hydrogen, a halogen, a phenyl or a cycloaDs^ moiety and n is an integer fiom 3 to 
10. 

The mefliod of claim 1, wherem said HDAC mhibitor is a hydtoxamic add 
derivative, a Short Chain Fatty Acid (SCFA), a cyclic tetr^eptide, a baizamide 
derivative, or an electrophiUc ketone dmvative. 

The meBiod of claim 1. wh^iem said HDAC inhibitor is a hydroxamic acid 
dmvative selected fiom the group consisting of SAHA, Pyroxamide, CBHA, 
Trichostatin A (TSA), Trichostatm C, SaKcylhydroxamic Acid, Azelaic 
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Bishydroxanric Add (ABHA), Azelaio-l-Hydioxamate-9-Aiiifide (AAHA), 6-(3- 
CWorophenylureido) caipoic Hydroxamic Acid (3CI-UCHA), Oxamflatin, A- 
161906, Scriptaid,PXD-101,IA(^824, CHAP, MW2796, and MW2996. 

11. The method of claim 1, wherein said HDAC inhibitor is a cyclic tetrapeptide selected 
fiom the group consisting of Trapoxin A, FR901228 (FK 228 or Depsipeptide), 
FR225497, Apicidin, CHAP, HC-Toxin, WF27082, and Chlamydodn. 

12. The method of claim 1, wheran said HDAC inhibitor is a Short Chain Fatty Acid 
(SCFA) selected fiom the groi^ consisting of Sodium Butyrat^ feovalerate. 
Valerate, 4 Phenyibutyrate (4-PBA), Phenylbutyrate (PB), Propionate, Butyramide, 
Isobntyramide, Phenylacetate, S-Brranopropionate, Tributyiin, Valproic Acid and 
Valproate. 

13. The meOiod of claim 1, wherem said HDAC mhibitor is a benzamide derivative 
selected from the group consisting of a-994, MS-27-275 (MS-275) and a y-amino 
derivative of MS-27-275. 

14. The method according to claim 1, \^erdn said HDAC inhibitor is an electrophilic 
k^one derivative selected from the groq? consisting of a trifluoromethyl ketone and 
an a^k^ amide. 

15. The m^hod according to claim 1, wherein said HDAC inhibitor is a natural product, 
a psammaplin, or Depudedn. 

16. The mdfaod of claim 1, wherem the pharmaceutical composition is admuxistered 
orally. 

17. The method of claim 16, wherein said con^osition is contained within a gelatin 
capsule. 

1 8. The method of claim 1 7, wherein said earner or diluent is microcrystalline cellulose. 
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19. The mefliod of claim 18, fiirfha: comprising sodium m)scannellose as a 
disiiitegrating agent. 

20. The method of claim 19, fiirflier OMxiprisang magaesium steaiate as a liihricaat 

5 

21. The method of claim 16, wherem said con^position is administered to the subject at a 
total daily dosage of between about 25-4000 mgto^ 

22. The method of claim 16, wbearem said conq>osition is administered once-daily, 
10 twice-daily, or three times-daily. 

23. The m^od of claim 22, wherein said conqxjsition is administered o^ 
dose of about 20&-600 mg. 

15 24. The method of claim 22, wherein said composition is administered twice da^ 
dose of about 20&400 mg. 

25. The mefliod of clahn 22, wherem said composition is administered twice daily at a 
dose of about 200-400 mg intermittently. 

20 

26. The method of claim 25, wherein said con^josition is administered three to five days 
per week. 

27. The method_Qf claim 25, wherem said conqiositiQn is administered teee days a 
25 week. 

28. The method of claim 27, wherein said composition is administered at a dose of about 
200 mg. 

30 29. The mefliod of clahn 27, wherrin said composition is admmistered at a dose of about 
300 mg. 



82 



wo 2005/018578 



PCT/US2004/027943 



31. 

5 

32. 

10 



15 

33. 
34. 

20 

35. 

25 36. 
37. 

30 38. 



The method of claim 27, wherein said caiiq>osdtion is administered at a dose of about 
400 mg. 

The method of claim 22, wherein said composition is administered fliree times daily 
at a dose of about 100-250 mg. 

A method of treating mesotfielioma or diffiise large B-cell lymphoma in a subject, 
said method conqxrising the step of administering to the subject an efiective amount 
of a pharmaceutical composition comprising suberoylanilide hydroxamic add 
(S AHA) or a phaimaceutically acceptable salt or hydrate thereof represented by the 
structure: ^ 



O NHOH 

and a phamiaceutically acceptable carrier or diluent, wherein the amount of SAHA is 
effective to treat said mesothelioma or diffuse la^e B-cell lymphoma in said subject 

The method of claim 32, wherein the method is used to treat mesothelioma in said 
subject 

The method of claim 32, wherein the method is used to treat difiuse large B-cell 
lymphoma in said sul:gect 

The mediod of claim 32, wherein the pharmaceutical composition is administered 
orally. 

The method of claim 35, wherem said composition is contained within a gelatin 
cq)sule. 

The mediod of claim 36, wherein said carrier or diluent is microcrystalline cellulose. 

The method of claim 37, furtiber comprising sodium croscarmellose as a 
disintegrating ag^t 
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39. The method of claim 38, fiirther conqsrising mag^esium stearate as a hihricaot 

40. The method of claim 35, whmm said composition is achmnist^ied to.fihe subject at a 
5 total daily dosage of between about 25-4000 mgtoi^. 

41. The method of claim 35, wherein said composition is admhiistered once-daily, 
twice-daily, or three times-daily. 

10 42. The method of claim 41, v/hcKia said composition is administered once daily at a 
dose of about 200-600 mg. 

43. The meOiod of claim 41, wherein said composition is administered twice daily at a 
dose of about 200-400 mg. 

15 

44. The me&od of claim 41, whearein said composition is administered twice daily at a 
dose of about 200-400 mg intermittentiy. 

45. The me&od of claim 44, wherein said conqposition is administered tiiree to five days 
20 per week. 

46. The method of claim 44, wherein said composition is administered three days a 
week. 

25 47. The method of claim 46, \(4ierein said composition is administered at ad 
200 mg. 

48. The method of claim 46, wherein sdd conq[>osition is administered at a dose of about 
300 mg. 

30 

49. The method of claim 46, wherein said conq>osition is administered at a dose of about 
400 mg. 
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50. The metbod of claim 41» wherein said composition is administered three times daily 
at a dose of about 100-2S0 mg. 

51. A method of treating mesothelioma or difiiise large B-cell lymphoma in a subject, 
said method comprising the step of administering to the subject a total daily dose of 
up to about 800 mg of a pharmaceutical conq>osition comprising sub^jdanilide 
hydroxamic acid (SAHA) or a pharmaceutically acceptable salt or hydrate thereof 
represented by the structure: 



\==/ ^ (C"2te 



\ (CH2)e e 



10 and a pharmaceutically acceptable carrier or diluent, wherein the amount of SAHA is 

effective to treat said mesothelioma or di£Kise large B-cell Ijonphoma in said subject 

52. The method of claim 5 1 , wherein the method is used to treat mesothelioma in said 

SUbjjBCt 

15 

53. The method of claim 5 1 , wherein the method is used to treat diffiise large B-celt 
lymphoma in said subject. 

54. The method of claim 51, wherein the pharmaceutical composition is administered 
20 orally. 

55. The method of claim 54, wherein said composition is contained within a gelatin 
c^sule. 

25 56. The method of claim 55, wherein said carrier or diluent is microcrystalline cellulose. 

57. The method of claim 56, further comprising sodium croscarmellose as a 
disintegrating agent 

30 58. The method ofclaim 57, further coixqnrising magnesium stearate as a lubricm 
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59. The method of claim 54, wherein said composition is administesred once-daily^ 
twice-daily, or three times-daily. 

60. The method of claim 59, wherein said conqx>sition is administered once daily at a 
5 dose of about 200-600 mg. 

61. The method of claim 59» wherein said composition is administeied twice daily at a 
dose of about 200-400 mg. 

10 62. The method of claim 59» wherein said compositicm is administ0:ed twice daily at a 
dose of about 200-400 mg intermittently. 

63. The method of claim 62, whardn said composition is administeied three to five days 
per week. 

15 

64. The method of claim 62, wherein said composition is administered three days a 
week. 

65. The method of claim 64, wherein said conq;)osition is adnoinistered at a dose of about 
20 200mg. 

66. The method of claim 64, wherein said composition is administered at a dose of about 
300 mg. 

25 67. The method of clahn 64, wfaerem said conqsosition is admim 
400mg. ' 

68. The method of claim 59, wheatdn said composition is administoed three times daily 
at a dose of about 100-250 mg. 

30 
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FIG. 3 



SAHA Patients: ORAL /Ck)hort I (200 mg/dose) 
IV Day 1 0RAL 

r 



1-OS-200 
(8-21-01) 




a-AcH4 

Coomassie stain 
Day 21 ORAL 



2-OS-200 
(11-14-01) 




a-AcH3 

Ck)omassie stain 



3-OS-200 
(10-16^1) 



4OS-200 
(imi) 




a-AcH3 

Coomassie stain 



AcH3 

Coomassie stain 
Day 21 ORAL 



r 



£ _ 

Q. ■.- 



5-OS-200 
(12-4-01) 




a-AcH3 

Coomassie Blue 



wo 2005/018578 PCT/US2004/027943 

4/19 




wo 2005/018578 



5/19 



PCTAJS2004/027943 




wo 2005/018578 



PCTAIS2004/027943 




wo 2005/018578 



PCT/US2004/027943 



7/19 




wo 2005/018578 



PCT/US2004/027943 




wo 2005/018578 



PCT/US2004/027943 




(|ui/6u) VHVS P ouoo eujseid ueeyy 



wo 2005/018578 



PCT/US2004/027943 



10/19 





(iui/6u) VHVS P 3^ eujseid ue3y\| 



wo 2005/018578 



PCT/US2004/027943 



11/19 ^ 



o o 
o g 




wo 2005/018578 



PCT/US2004/027943 

12/19 




wo 2005/018578 



PCTAJS2004/027943 



13/19 





(|UJ/6u^M)»SB| onV 



wo 2005/018578 



PCTAJS2004/027943 



14/19 



FIG. 12 

Bioavailability after 200 and 400 mg by IDay 
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